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LEAF  PROCESSING  IN  THE 
SANGAMON  RIVER,  ILLINOIS1 
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and 

C.  A.  Shearer 
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ABSTRACT 


Changes  in  weight  of  leaves  of  Platanus  occidentalis  L.  and  Acer  saccharinum 
L.  were  assessed  during  processing  in  the  Sangamon  River,  which  drains  cropland 
in  east-central  Illinois.  A  processing  coefficient  of  0.0267  was  obtained  for  leaf  packs 
of  maple  and  0.0259  for  sycamore.  Processing  coefficients  calculated  per  unit  area  of 
leaf  tissue  remaining  (leaf  discs)  were  0.0120  for  maple  and  0.0014  for  sycamore. 
Maple  leaves  were  extensively  skeletonized  and  were  processed  more  rapidly  than 
those  of  sycamore.  Sycamore  leaves  were  not  skeletonized  and  disappeared  primari¬ 
ly  by  fragmentation.  Leaves  of  sycamore  and  maple  disappeared  at  rates  similar  to 
or  higher  than  leaves  in  other  lotic  systems  studied.  The  concentration  of  protein  in 
leaves  of  both  maple  and  sycamore  increased,  but  in  maple,  absolute  amounts 
decreased  with  increased  time  of  submergence.  In  sycamore  leaves,  absolute 
amounts  of  protein  increased  to  a  maximum  in  40  days  and  remained  at  about  the 
same  level  throughout  the  study. 

INTRODUCTION 

Leaves  of  riparian  origin  are  known  to  be  an  important  source  of  fixed  carbon 
for  heterotrophic  organisms  living  in  streams  (Hynes,  1963;  Darnell,  1964;  Cummins, 
et  al.,  1966;  Coffman,  et  ah,  1971;  Cummins,  et  ah,  1973).  Leaves  entering  streams 
disappear  in  approximately  one  year  due  to  leaching,  mechanical  fragmentation, 
direct  grazing  by  stream  invertebrates  and  use  by  microorganisms  (Mathews  & 
Kowalczewski,  1969;  Kaushik  &  Hynes,  1971;  Gosz,  et  ah,  1973;  Iverson,  1973; 
Anderson  &  Grafius,  1975;  Boling,  et  ah,  1975;  Sedell,  et  ah,  1975;  Suberkropp,  et 
ah,  1976).  Rates  at  which  leaves  disappear  are  affected  by  leaf  type  (Petersen  & 
Cummins,  1974),  leaf  pack  size  (Reice,  1974),  temperature  (Reice,  1974),  inorganic 
nutrient  levels  (Kaushik  &  Hynes,  1971),  stream  size  (Sedell,  et  ah,  1975)  and 
substrate  composition  (Reice,  1974). 
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Most  field  studies  of  leaf  processing  have  been  made  in  clear  fast-flowing 
streams  and  springbrooks  (Thomas,  1970;  Krumholz,  1972;  Iverson,  1973;  Petersen 
&  Cummins,  1974;  Sedell,  et  ah,  1975;  Suberkropp,  et  al.,  1976;  Triska  &  Sedell, 
1976)  and  in  creeks  and  rivers  (Mathews  &  Kowalczewski,  1969;  Triska,  1970; 
Kaushik  &  Hynes,  1971;  Paul,  1978).  With  the  exception  of  an  investigation  of 
processing  in  a  pastureland  stream  by  Benfield,  et  al.  (1977),  there  has  been  little 
study  of  leaf  processing  in  streams  and  rivers  in  areas  with  small  elevational 
differences  and  which  drain  primarily  agricultural  regions.  It  might  be  expected 
that  slow  flow  rates,  extremes  in  discharge,  high  levels  of  nitrates  and  phosphates, 
and  high  rates  of  sedimentation  often  associated  with  agricultural  streams  would 
affect  organisms  using  leaves  and  hence  the  rates  at  which  leaves  are  processed. 
The  following  study  was  undertaken  in  a  river  system  in  an  agrarian  area  to 
determine  whether  processing  of  leaves  occurs  in  a  manner  and  at  rates  similar  to 
those  reported  from  other  lotic  systems. 

STUDY  SITE 

The  upper  Sangamon  River  originates  in  east-central  Illinois  and  flows  south¬ 
westerly  through  wide  flat  valleys  located  in  gently  rolling  to  flat  cropland. 
Although  many  of  the  tributaries,  which  originate  from  drainage  tiles  in  cropland, 
are  clearcut  and  channelized  to  facilitate  drainage,  much  of  the  main  artery  of  the 
river  system  is  surrounded  by  floodplain  vegetation.  A  sampling  station  was  located 
on  the  upper  Sangamon  River  6.9  km  NE  of  Mahomet,  Champaign  Co.,  Illinois  (40° 
15'48"  lat.,  88°  24'30"  long.).  This  corresponds  to  Site  1  in  the  study  of  physical  and 
chemical  characteristics  of  the  upper  Sangamon  River  made  by  Brigham  (1975).  The 
river  at  this  station  is  bordered  by  floodplain  vegetation  with  Acer  saccharinum  L. 
(silver  maple)  and  Platanus  occidentalis  L.  (American  sycamore)  as  the  predominant 
tree  species.  Considerable  primary  production  in  the  clearcut  drainage  ditches  and 
in  the  open  areas  of  the  river  combined  with  smooth  flow  result  in  diurnal  changes 
in  DO,  C02  and  pH.  The  substrate  is  composed  primarily  of  fine  silt  and  sand  with 
occasional  patches  of  gravel  or  very  large  rocks. 

Monthly  averages  and  extremes  of  daily  discharge  rates  for  the  period  of  study 
have  been  measured  at  Mahomet  (40°1T30"  lat.,  88°24'00"  long.)  by  the  U.S. 
Geological  survey  (1976,  1977).  Discharges  ranged  from  0.145  to  144.045  with  a 
mean  of  9.7012  m3  sec'1  during  Study  I  and  from  0.845  to  110.089  with  a  mean  of 
8.834  m3  sec1  during  Study  II.  Maximum  ranges  in  discharge  and  maximum 
discharges  occurred  in  January  and  February  during  Study  I  and  in  February  and 
March  during  Study  II.  Low  mean  discharges  occurred  in  October,  November, 
December  and  May  during  Study  I  and  in  October,  November,  January,  May  and 
June  in  Study  II.  Extreme  ranges  in  discharge  and  depth  result  from  the  modifica¬ 
tion  of  the  river  system  to  facilitate  drainage  from  cropland.  During  periods  of  high 
discharge,  the  river  flows  over  its  banks  onto  extensive  floodplains  where  it  entrains 
large  quantities  of  fine  silt  and  organic  matter  and  deposits  leaves  and  twigs. 

The  average  velocities,  calculated  monthly  from  cross-sectional  area  and  discharge, 
at  Mahomet,  Ill.  for  the  duration  of  Study  I  ranged  from  20.7  to  79.3  with  a  mean  of 
59.8  cm  sec'1  and  from  43.3  to  86.3  with  a  mean  of  64.3  cm  sec'1  for  Study  II  (U.S. 
Geological  Survey,  1976,  1977).  The  surface  of  the  water  is  smooth  with  few  riffle 
areas  visible  except  at  times  of  low  discharge. 
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METHODS 

1.  Sampling  Procedure 

Two  studies  were  made  in  successive  years,  1974—75  (Study  I)  and  1975-76 
(Study  II).  In  Study  I,  fresh  fallen  leaves  of  maple  and  sycamore  were  collected 
along  the  banks  of  the  Sangamon  River  during  late  October.  Leaf  packs  were  made 
by  stacking  ten  maple  leaves  or  five  sycamore  leaves  and  passing  braided  nylon 
fishing  line  through  their  centers  several  times.  Whole  leaves  were  cut  into 
approximate  fourths  and  placed  in  mesh  bags.  Leaf  discs  (1.5  cm  diam)  were  cut 
from  fresh  fallen  leaves  with  a  cork  borer  and  placed  in  nylon  mesh  bags  (1  mm2 
pore  size).  Leaves  and  leaf  discs  used  for  dry  weight  determination  were  oven  dried 
(80  C  to  constant  weight)  and  weighed  before  they  were  submerged. 

Because  of  large  fluctuations  in  water  level  and  high  rates  of  siltation,  the 
commonly  used  technique  of  tying  leaf  packs  to  bricks  and  placing  them  on  the 
stream  bottom  was  not  feasible.  Thus  leaf  packs  and  mesh  bags  were  attached  to  a 
nylon  rope  anchored  at  one  end  by  a  cement  block  which  in  turn  was  attached  by  a 
nylon  rope  to  a  tree  above  flood  level  on  the  river  bank.  Leaves  were  submerged  on 
4  Nov  1974,  and  three  samples  were  removed  randomly  at  approximate  two  week 
intervals  until  15  May  1975. 

Leaf  packs  remained  intact  under  the  discharge  regime  of  the  river  during 
Study  I.  Since  mesh  bags  provide  an  unnatural  protection  to  the  leaf  tissue  and 
appeared  not  to  be  necessary,  they  were  not  used  during  Study  II.  Because  of  low 
flow  rates  at  certain  times,  strings  of  leaf  packs  often  rested  on  the  river  bottom  and 
became  partically  covered  with  silt.  Thus  in  Study  II,  leaf  packs  were  attached  to 
lines  suspended  by  floats,  which  kept  all  the  packs  approximately  15  to  20  cm  below 
the  surface  of  the  water  regardless  of  water  depth.  Leaf  packs  were  submerged  on 
15  Nov.  1975,  and  three  samples  were  removed  randomly  from  the  river  after  one 
week  and  at  approximate  monthly  intervals  until  14  June  1976,  except  when  the 
river  was  frozen. 

2.  Dry  Weight  Determination 

Leaves  and  leaf  discs  were  washed  gently,  dried  (to  constant  weight  at  80  C), 
cooled  in  a  desiccator,  weighed  and  ground  in  a  Wiley  Mill.  Percent  ash  was 
determined  by  heating  duplicate  50-100  mg  samples  at  550  C  for  3  hr.  Whole  leaves 
in  packs  were  separated  and  discs  cut  from  them.  These  fresh-cut  discs  were  then 
washed,  dried,  weighed,  ground  and  ashed  as  above. 

A  processing  coefficient  (K)  was  estimated  by  a  least  squares  fit  of  the  mean 
ash-free  dry  weights  at  each  sampling  time  to  the  exponential  function  Yt  =  Y0e'kt. 
The  fit  of  each  weight-loss  regression  line  to  the  exponential  decay  model  was 
tested  for  significance  by  ANOVA.  Processing  coefficients  were  also  calculated  using 
initial  and  final  ash-free  dry  weights  according  to  the  equation  used  by  Petersen  & 
Cummins  (1974):  -K  =  In  (%  remaining  X  100)/time.  Differences  between  k-values 
from  different  treatments  were  tested  for  significance  with  a  t-test. 

3.  Protein  Measurement. 

At  each  sampling  in  Study  I,  five  discs  each,  from  leaf  packs,  bagged  leaves  and 
precut  discs,  were  gently  washed  with  distilled  H20,  placed  in  10  ml  of  0.02  M 
glycine  buffer  (pH  7.8)  at  100  C  for  exactly  one  minute,  and  cooled  in  an  ice  bath. 
The  contents  were  homogenized  by  hand  in  a  tissue  grinder  and  frozen  (  —  20  C) 
until  time  of  assay.  This  material  was  then  thawed  and  centrifuged.  The  amount  of 
ATP  present  in  the  supernatant  was  determined  by  a  modification  of  the  method 
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described  by  Holm-Hansen  (1973).  Both  the  remaining  supernatant  and  precipitate 
were  washed  onto  a  0.45  um  Millipore  filter,  dried  and  weighed.  The  leaf  material 
was  washed  from  the  filter  with  10  ml  0. 1  N  NaOH  and  extracted  for  protein  by  the 
method  described  by  Kaushik  and  Hynes  (1968).  The  protein  content  of  triplicate 
aliquots  was  determined  by  procedures  described  by  Lowry  et  al.  (1951).  When  the 
supernatant  from  the  ATP  procedure  was  analyzed,  no  measurable  protein  was 
found,  thus  protein  values  were  from  analysis  of  the  ppt  only.  During  Study  II, 
protein  was  determined  from  homogenized  ground  leaves  rather  than  the  precipi¬ 
tate  from  the  ATP  assay. 

RESULTS  AND  DISCUSSION 

1.  Leaf  Processing 

During  Study  II,  packs  of  sycamore  leaves  were  processed  more  rapidly  in  the 
Sangamon  River  (Table  I)  than  in  a  pastureland  stream  in  Virginia  (K  =  0.0057) 
(Benfield,  et  al.,  1977).  Paul  (1978)  found  that  processing  coefficients  of  packs  of 
sycamore  leaves  not  in  contact  with  the  substrate  varied  considerably  and  generally 
were  much  higher  than  those  obtained  in  other  stream  systems  (K  =  0.0009  to 
0.0761).  Enclosure  of  samples  in  a  wire  mesh  container  resulted  in  lower  processing 
coefficients  (K  =  0.0017  for  20  g  packs  and  K  =  0.0011  for  10  g  packs)  than  those 
observed  for  leaves  in  the  Sangamon  River. 

Processing  coefficients  for  leaf  packs  of  silver  maple  in  Study  II  were  over  twice 
as  large  as  those  reported  for  silver  maple  leaves  placed  in  Augusta  Creek, 
Michigan  from  December  to  May  (K  =  0.0107,  K  =  0.0066)  (Petersen  & 
Cummins,  1974).  The  difference  between  processing  in  the  two  systems  could  be 
due  in  part  to  different  submersion  techniques.  Leaves  in  the  Augusta  Creek  study 
were  attached  to  bricks  which  may  have  provided  support  to  the  leaf  packs,  thereby 
reducing  mechanical  fragmentation.  Of  the  processing  coefficients  reported  for  leaf 
packs  of  various  other  tree  species,  the  processing  coefficients  of  leaf  packs  of  maple 
and  sycamore  were  closest  to  those  of  Tilia  americana  L.  (K  =  0.0234)  and  Cary  a 
glabra  (Mill.)  Sweet  (K  =  0.0305)  in  Augusta  Creek,  Michigan  (Petersen  & 
Cummins,  1974). 

Processing  coefficients  for  maple  leaves  were  significantly  higher  than  those  for 
sycamore  in  all  instances  except  two  (Table  II).  Differences  were  only  weakly 
significant  for  discs  cut  from  unbagged  leaves  in  Study  I,  and  were  not  significant 
for  leaf  packs  in  Study  II.  In  Study  II,  at  the  end  of  130  d,  less  than  10%  of  maple 
and  20%  of  sycamore  packs  remained  (Fig.  IB).  In  contrast,  loss  of  weight  per  unit 
area  remaining  (fresh-cut  leaf  discs)  of  sycamore  leaves  occurred  much  more  slowly 
than  in  maple;  after  130  d,  17.5%  of  the  original  maple  tissue  remained,  while  89% 
of  the  original  sycamore  tissue  remained  (Fig.  1A).  Observations  of  leaves  during 
processing  indicated  clearly  that  leaves  of  the  two  species  disappeared  in  different 
ways.  Soon  after  submersion,  the  epidermal  layers  of  maple  leaves  separated  from 
the  mesophyll  layer,  exposing  the  mesophyll  to  grazers  and  microbial  activity. 
Almost  total  skeletonization  of  maple  leaves  occurred  within  34  d  after  submersion 
during  Study  II.  In  contrast,  the  epidermis  of  sycamore  leaves  remained  firmly 
attached  to  the  mesophyll  layer  throughout  the  study  and  little  skeletonization 
occurred.  Loss  of  leaf  tissue  in  sycamore  occurred  primarily  by  fragmentation  of 
large  pieces  from  the  outer  edges  of  leaves.  Thus  for  leaf  packs  in  Study  II, 
processing  coefficients  for  maple  and  sycamore  leaves  were  similar  (Table  1),  but  for 
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different  reasons.  In  leaf  packs,  which  were  fully  subjected  to  mechanical  abrasion, 
no  significant  differences  in  the  rate  of  processing  between  sycamore  and  maple 
leaves  were  discerned.  When  a  technique  was  used  which  inhibited  fragmentation 
(placing  leaves  in  mesh  bags),  or  when  samples  taken  from  tissue  remaining  were 
compared,  distinct  differences  in  the  rates  at  which  the  leaf  tissues  of  the  two 
species  were  processed  became  apparent  (Table  II). 

Occasional  increases  in  percent  ash-free  dry  weight  remaining  (Figs.  1A&B, 
3A&B)  were  an  interesting  characteristic  of  several  of  the  weight  change  patterns. 
The  river  system  is  heavily  dependent  on  precipitation  and  drainage  for  water,  and 
discharge  and  flow  rates  are  greatly  reduced  at  times  of  low  precipitation.  At  such 
times,  the  system  becomes  more  lentic  than  lotic  and  large  numbers  of  leaves  float 
gently  downstream  or  accumulate  in  shallow  water  along  the  sides  of  the  river.  Low 
flow  rates  may  have  permitted  extensive  colonization  of  leaves  by  protozoans,  algae, 
filamentous  bacteria  and  fungi,  all  of  which  have  been  seen  on  the  leaves  either  by 
direct  microscopic  examination  or  observation  with  SEM.  Changes  in  weight  of 
leaves  at  times  of  low  flow  probably  reflect  the  activity  of  the  biological  community 
much  more  than  the  physical  effects  of  flowing  water.  Thus  during  periods  of  low 
flow,  maple  leaves  which  appear  to  be  used  more  extensively  by  invertebrates  and 
microorganisms  than  sycamore  leaves  should  disappear  steadily  while  sycamore 
leaves  which  are  colonized  but  not  used  extensively  should  disappear  less  rapidly, 
remain  the  same,  or  increase  in  weight.  When  leaves  were  submerged  in  Study  II, 
they  were  first  subjected  to  a  period  of  low  discharge;  maple  discs  decreased  while 
sycamore  discs  increased  in  weight  (Fig.  1A).  At  this  time,  maple  leaves  were 
somewhat  skeletonized  but  sycamore  leaves  were  not.  This  period  of  low  discharge 
was  followed  by  one  of  fluctuating  discharge  (maximum — 37  m3/sec)  and  a  subse¬ 
quent  decrease  in  weight  in  both  sycamore  and  maple  leaves  occurred.  Then  a 
period  of  low  mean  discharge  and  small  fluctuations  in  discharge  occurred,  accompa¬ 
nied  by  a  concomitant  increase  in  weight  of  discs  of  both  sycamore  and  maple.  Park 
(1974)  reported  weight  increases  in  cellulose  filter  paper  contained  in  mesh  bags 
submerged  in  the  Inler  River,  Northern  Ireland.  The  increases  were  greater  in 
samples  submerged  in  smooth  flowing  water  with  both  slow  and  fast  flow  rates  than 
in  water  with  fast  turbulent  flow.  Both  this  study  and  that  of  Park  indicate  clearly 
that  measurement  of  changes  in  weight  is  not  a  highly  reliable  technique  to  use  to 
determine  rates  of  decomposition  in  rivers  with  smooth  water  flow. 

In  Study  II,  leaves  were  suspended  from  the  surface  and  when  the  river  froze, 
the  leaves  were  also  frozen  in  the  ice.  Changes  in  weight  of  leaf  packs  were 
markedly  reduced  during  the  time  of  ice  cover  but  increased  rapidly  after  the 
spring  thaw  (Fig.  IB).  Probably  the  mechanical  action  of  freezing  and  thawing  on 
plant  tissues  followed  by  extremely  high  discharges,  resulting  from  the  spring  thaw 
and  rains,  brought  about  large  losses  of  leaf  tissue.  This  was  reflected  in  a  rapid 
weight  loss  between  90  and  110  days  of  submersion,  well  before  the  temperature 
rose  to  above  5  C.  In  the  Sangamon  River,  large  quantities  of  leaves  tend  to  float  on 
or  near  the  surface  of  the  water  and  become  bound  in  the  ice.  This  material  is 
unavailable  to  the  system  until  the  ice  thaws. 

Leaves  located  at  or  near  the  bottom  of  the  river,  as  in  Study  I,  were  in  a  zone 
of  slower  water  velocity  and  became  more  heavily  covered  with  silt  and  detritus 
which  could  have  resulted  in  reduced  oxygen  levels  in  leaf  packs.  Reduced  water 
velocity,  low  oxygen  levels  and  siltation  are  all  factors  which  could  have  a  detrimen- 
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tal  effect  on  leaf  shredders  and  microorganisms.  During  Study  II,  all  samples  were 
near  the  surface  of  the  water  where  water  velocity  was  greater  and  siltation 
reduced.  The  processing  coefficient  of  discs  cut  from  maple  leaves  was  significantly 
greater  in  Study  II  than  in  Study  I,  while  the  processing  coefficients  of  discs  cut 
from  sycamore  leaves  did  not  differ  significantly  between  the  two  studies  (Table  II). 
Maple  leaves,  which  were  heavily  skeletonized,  appeared  to  be  more  affected  by 
placement  in  the  water  column  than  sycamore  leaves  which  were  not  skeletonized. 

2.  Protein  Measurement 

The  protein  content  of  leaves  has  been  observed  to  increase  with  submersion 
time  in  streams  (Kaushik  &  Hynes,  1971;  Krumholz,  1972;  Barlocher  &  Kendrick, 
1974),  thereby  increasing  the  nutritional  quality  of  the  leaves.  Nitrogen  alone  or  N 
and  P  together  added  to  leaves  incubated  in  dishes  resulted  in  an  increase  in 
protein  of  the  leaves  (Kaushik  &  Hynes,  1971).  This  suggests  that  nutrient  levels  in 
a  stream  might  affect  the  degree  of  protein  enrichment  of  leaves  submerged  in  that 
stream.  Since  the  Sangamon  River  receives  extensive  run-off  from  cropland  fertilized 
with  N  and  it  might  be  expected  that  submerged  leaves  would  show  considerable 
protein  enrichment.  Protein  increased,  as  percent  of  the  ash-free  dry  weight,  in 
both  leaf  species  with  increasing  time  of  submersion  (Fig.  2B,  4A&B).  Protein 
increased  more  in  sycamore  than  in  maple  leaves  and  the  relative  amount  in 
sycamore  leaves  was  twice  as  large  at  the  end  of  both  Studies  I  and  II  than  at  the 
beginning.  These  increases  in  protein  are  in  line  with  those  reported  for  leaves 
submerged  in  the  Speed  River,  Canada  (Kaushik  &  Hynes,  1971).  Krumholz  (1972) 
found,  inexplicably,  very  little  increase  in  protein  of  sycamore  leaves  submerged  in 
Doe  Run,  Kentucky,  even  though  the  protein  concentration  of  leaves  of  other 
species  submerged  at  the  same  time  increased. 

The  protein  present  as  percent  of  the  ash-free  dry  weight  per  unit  area  of  leaf 
(Fig.  2A),  reflects  the  differences  in  the  way  in  which  maple  and  sycamore  leaves 
are  processed.  During  Study  II,  the  percent  protein  per  unit  area  of  maple  leaves 
(Fig.  2A)  declined  initially  as  the  leaves  became  skeletonized,  then  increased  from 
December  to  February,  but  declined  thereafter.  There  percent  protein  per  unit 
area  of  sycamore  leaves  (Fig.  2A)  increased  initially,  decreased  briefly  in  December, 
increased  during  January  and  then  decreased  slowly  thereafter.  Although  sycamore 
leaves  became  protein  enriched,  it  appears  that  this  material  is  not  used  directly  by 
grazers  to  any  large  degree.  Given  the  high  quantity  of  lignin  in  sycamore  leaves 
(Paul,  1978),  it  is  possible  that  protein  becomes  complexed  in  phenolic-lignin 
compounds  in  sycamore  and  therefore  is  unavailable  to  heterotrophic  organisms. 

SUMMARY 

As  a  result  of  extensive  clearcutting  and  channelization  of  most  of  the  tributar¬ 
ies  of  the  upper  Sangamon  River,  large  fluctuations  in  temperature,  inorganic 
nutrient  levels,  turbidity  and  discharge  occur  (Brigham,  1975).  Small  elevational 
differences  along  the  river  system  result  in  generally  smooth  flow  in  the  main 
channel  of  the  river.  It  does  not  appear  that  physical  and  chemical  conditions  in  the 
Sangamon  River  affect  the  processing  of  leaves  adversely  since  they  disappear  at 
rates  similar  to  or  higher  than  leaves  in  other  lotic  systems  studied.  The  rapidity 
with  which  leaves  disappeared  in  February  and  March,  when  discharges  were 
extremely  high,  suggests  that  the  high  discharges  encountered  in  a  system  modified 
for  water  removal  from  croplands,  may  contribute  to  a  short  residency  of  leaves  in 
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this  type  of  river.  During  periods  of  high  discharge,  leaves  may  be  washed 
downstream,  fragmented  into  smaller  pieces,  which  can  then  be  carried  down¬ 
stream  by  slower  flowing  water,  or  deposited  on  the  floodplain  during  over-the-bank 
floods.  Leaf  loss  during  high  discharges  can  effectively  reduce  the  food  resources 
available  to  invertebrates.  Since  precipitation  is  unpredictable,  the  availability  of 
one  of  the  major  food  resources  is  also  unpredictable.  Thus  the  floodplain  of  the 
river,  which  serves  as  a  continual  source  of  leaves,  may  be  very  important  in 
stabilizing  food  resources  within  the  river. 

Silver  maple  leaves  were  processed  much  differently  than  those  of  sycamore, 
but  these  differences  were  not  detected  by  the  standard  technique  of  measuring 
changes  in  weight  of  leaf  packs.  Differences  were  detected,  however,  when  changes 
in  weight  per  unit  area  were  compared.  These  two  types  of  weight  measurement, 
when  applied  to  material  being  processed,  provide  more  information  about  the  way 
in  which  leaves  are  processed  than  either  technique  used  alone.  Although  leaf  packs 
of  both  species  disappeared  at  the  same  rate,  leaf  tissue  of  maple  was  always 
processed  more  rapidly  than  that  of  sycamore.  Maple  leaves  disappeared  primarily 
through  skeletonization  and  appear  to  be  an  important  food  resource  in  the 
Sangamon  River.  Sycamore  leaves  do  not  become  skeletonized  but  disappear 
primarily  through  fragmentation.  Although  sycamore  leaves  do  not  seem  to  be  used 
as  a  food  resource,  they  may  be  important  as  sites  of  attachment  for  periphyton  and 
as  traps  which  filter  benthic  diatoms  washed  downstream  from  clear  cut  feeder 
streams. 

The  increases  in  ash-free  dry  weights,  which  were  observed  frequently,  may 
result  from  a  combination  of  colonization  activities  and  trapping  of  algae  and  other 
organic  materials.  These  increases  may  cause  actual  losses  of  weight  of  leaf  tissues 
to  be  underestimated.  Further  studies  of  a  different  design  are  needed  to  sort  out 
the  respective  effects  of  colonization  and  utilization  on  changes  in  ash-free  dry 
weight  of  leaves  in  this  type  of  river  system. 
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Table  I  Level  of  significance  of  fit  of  weight-change  data  to  an  exponential  decay 
model,  processing  coefficients  (K),  number  of  days  required  for  loss  of  50% 
of  original  weight  and  K  calculated  from  %  ash-free  dry  weight  remaining 
at  the  end  of  each  study. 


Treatment 

K 

Level  of 
Significance 
of  Fit  to  the 
Equation 

Yt  =  Y03“kt 

No.  of  Days 
Required  for 
50%  Weight 
Loss 

K  Calculated 
from  —  K  =  loge 
(%  remaining 
x  100)/t 

1974-75 

Pre-cut  maple  discs 

.0045 

.005>p>.001 

152.4 

.0087 

Fresh-cut  maple  discs 

.0036 

p<.001 

190.7 

.0064 

Pre-cut  sycamore  discs 

.0011 

.  10>p>.05 

660.0 

.0028 

Fresh-cut  sycamore  discs 

.0020 

.05>p>.025 

354.2 

.0020 

Whole  maple  leaves,  bagged 

.0050 

p<.001 

139.1 

.0079 

Whole  sycamore  leaves,  bagged 

.0013 

p<.025 

535.8 

.0020 

1975-76 

Fresh-cut  maple  discs 

.0120 

p<<.001 

57.6 

.0137 

Fresh-cut  sycamore  discs 

.0014 

.005>p>.001 

505.3 

.0010 

Maple  leaf  packs 

.0267 

p<.001 

26.0 

.0272 

Sycamore  leaf  packs 

.0259 

pC.001 

26.8 

.0283 

Table  II.  Level  of  significance  of  the  differences  between  leaf-processing  coefficients 
for  different  types  of  measurements,  different  species  of  leaves  and  be¬ 
tween  the  two  years  of  study. 


Level  of 

Significance 

Comparison 

Studv 

of  Difference 

Maple  x  Maple 

Leaf  Packs  vs.  Fresh-cut  Discs 

1975-76 

,01>p>.001 

Pre-Cut  vs.  Fresh-Cut  Discs 

1974-75 

n.s. 

Fresh-Cut  Discs 

1974-75 

VS. 

Fresh-Cut  Discs 

1975-76 

p<.001 

Sycamore  x  Sycamore 

Leaf  Packs  vs.  Fresh-cut  Discs 

1975-76 

p<.001 

Pre-Cut  vs.  Fresh-Cut  Discs 

1974-75 

0.4>p>0.3 

Fresh-Cut  Discs 

1974-75 

VS. 

Fresh-Cut  Discs 

1975-76 

n.s. 

Maple  x  Sycamore 

Fresh-Cut  Discs 

1974-75 

0.2<p<.  1 

Pre-Cut  Discs,  Bagged 

1974-75 

p<.001 

Whole  Leaves,  Bagged 

1974-75 

p<.001 

Fresh-Cut  Discs 

1975-76 

p.<.001 

Leaf  Packs 

1975-76 

n.s. 
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Days 


Figure  1.  Percentages  of  the  ash-free  dry  weight 
of  sycamore  0-0  and  maple  leaves  remaining 
during  Study  II  for:  A.  discs  cut  from  leaves  in 
leaf  packs;  B.  leaf  packs. 
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Days 


Figure  2.  Changes  in  protein  content  of  syca¬ 
more  0-0  and  maple  leaves  during  Study  II: 
A.  amount  of  protein  per  leaf  disc  B.  protein  as 
percent  of  ash-free  dry  weight. 
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1974  1975 


Nov.  Dec.  Jan.  Jan.  Mar  Apr.  May 

1974  1975 

Figure  3.  Percentages  of  ash-free  dry  weight  of 
sycamore  and  maple  leaves  remaining  during 
Study  I  for:  A.  precut  leaf  discs  contained  in 
mesh  bags;  B.  discs  cut  from  leaves  in  leaf  packs 
(fresh-cut). 


Protein  (  %  ash  free  dry  weight )  Protein  (  %  ash  free  dry  weight ) 
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1974  1975 

Figure  4.  Changes  in  the  the  percent  composi¬ 
tion  of  protein  of  maple  and  sycamore  leaves 
during  Study  I  for:  A.  fresh-cut  and  precut  ma¬ 
ple  discs;  B.  fresh-cut  and  precut  sycamore  discs. 
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ABSTRACT 

Experiments  were  performed  in  the  Sangamon  River,  east-central  Illinois,  to 
determine  the  optimum  substrate  and  location  within  the  stream  channel  to  yield 
the  most  information  per  sample  concerning  community  structure.  A  31-day 
colonization  experiment  resulted  in  different  aquatic  insect  communities  on  dowel 
bundles,  barked  logs,  and  debarked  logs.  Debarked  log  faunas  were  dominated  by 
dipterans,  with  ephemeropterans  next  most  abundant;  the  reverse  was  true  for  both 
barked  logs  and  dowel  bundles,  both  of  which  contained  crevices  which  were 
refugia  and  sediment  traps.  A  3-week  colonization  experiment  compared  communi¬ 
ties  on  dowels  and  logs  in  three  locations  across  the  stream.  Ephemeropterans 
comprised  65  to  88%  of  the  faunas,  coleopterans  were  next  most  abundant  (ca.  14%) 
while  plecopterans,  trichopterans,  and  odonates  were  all  small  percentages  of  the 
total  numbers.  Samplers  near  center  channel  provided  suitable  habitat  where  none 
was  before  and  were  most  reasonably  colonized  by  drift;  samplers  near  each  bank 
could  have  been  colonized  by  swimming  individuals.  Densities  were  low  compared 
with  other  midwestern  streams,  possibly  as  a  result  of  insufficient  habitat  (although 
short  colonization  times  underestimated  potential  densities).  Control  of  community 
structure  on  these  substrates  appeared  to  be  due  more  to  abiotic  variables  than  to 
biotic  interactions. 


INTRODUCTION 

Lotic  insects  are  generally  more  abundant  on  firm  substrates  than  on  sand  or 
finer  particles  (Cummins  1966).  In  the  upper  reaches  of  the  Sangamon  River,  much 
of  the  bottom  consists  of  mud  and  clays  with  occasional  longitudinal  submerged 
sand  bars;  this  substrate  is  typical  of  many  Illinois  streams  draining  agricultural 
watersheds.  A  study  was  planned  to  examine  microdistribution  and  population 
dynamics  of  benthic  insects  in  such  systems  for  comparison  with  data  from 
faster-flowing  streams  with  firmer  substrates.  Preliminary  sampling  from  autumn 
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1974  through  spring  1975  along  a  250  m  segment  of  the  river  revealed  very  patchy 
distribution  of  the  insects:  they  were  collected  only  where  solid  substrates  were 
available  (exposed  roots  and  downed  trees  along  the  banks  and  on  exposed  logs  in 
the  streambed).  These  findings  led  to  questions  concerning  the  techniques  most 
appropriate  for  sampling  these  populations. 

During  summer  1975,  two  experiments  were  performed  to  evaluate  the 
relationship  between  different  types  of  wood  substrates,  colonization  time,  and 
position  in  the  stream  channel  on  the  numbers  of  individuals  and  species  of  benthic 
insects  collected.  The  model  upon  which  comparisons  were  made  was  the  logseries 
distribution  and  its  associated  parameters  (Fisher  et  al.  1943,  Shepard  unpublished 
manuscript).  Thus,  although  the  data  set  was  too  small  to  test  general  ecological 
theories  of  population  distributions  in  patchy  habitats  or  of  island  colonization  it  was 
large  enough  to  test  the  hypothesis  that  similar  communities  will  develop  on 
diflPerent  substrates  in  diflPerent  positions  over  the  same  time  span. 

STUDY  AREA 

The  study  site  (Fig.  1)  was  a  250  m  segment  near  the  headwaters  of  the 
Sangamon  River  at  an  elevation  of  about  250  m  a.s.l.,  located  6.9  km  northeast  of 
Mahomet,  Champaign  County,  Illinois  (T.  21N,  R.  7E,  Sec.  23,  Gibson  City  15  min 
quadrangle,  U.S.G.S.);  40°  15'  52"  North,  88°  22'  41"  West.  At  the  time  of  these 
experiments,  the  study  site  was  about  30  m  wide  and  up  to  1  m  deep.  Banks  were 
mostly  clay;  heavy  riparian  vegetation  (both  trees  and  shrubs)  grew  down  to  the 
water  s  surface  for  almost  the  entire  length. 

Water  temperature  was  greater  than  20°  C  with  dissolved  oxygen  concentra¬ 
tions  of  4  to  8  mg/1.  Reaeration  was  low  as  current  velocities  were  very  slow  and 
turbidity  was  moderate  to  high.  Table  1  summarizes  the  physicochemical  conditions 
measured  during  the  second  experiment. 

METHODS  AND  MATERIALS 

Experiment  1: 

On  13  June  1975  two  sets  of  samplers  were  set  in  the  water  column  about  1  m 
from  the  east  bank  and  about  5  m  downstream  from  the  north  end  of  the  study  area. 
Each  set  consisted  of  a  log  with  intact  bark  (30.5  cm  long  x  ca.  7.5  cm  diameter),  a 
similarly  sized  log  stripped  of  bark,  and  a  bundle  of  7  hardwood  dowels  (each  30.5 
cm  long  X  2.5  cm  diameter)  held  together  with  a  stainless  steel  clamp.  Thin  nylon 
cord  held  the  samplers  ca.  30  cm  above  the  sediment  between  a  float  and  an  anchor. 
After  31  days  each  sampler  was  removed  in  a  fine-meshed  net,  placed  in  a  separate 
plastic  bag,  and  transported  to  the  laboratory.  Logs  and  individual  dowels  were 
scrubbed  in  a  pan  of  water  to  remove  all  invertebrates  which  were  subsequently 
identified  and  counted.  Numbers/m2  on  the  3  substrates  were  compared  by 
Analysis  of  Variance  (Sokal  and  Rohlf  1969). 

Temperature  and  dissolved  oxygen  were  measured  with  a  YSI  model  54  meter, 
and  water  velocity  with  a  Gurley  no.  625-F  pigmy  current  meter.  A  250  ml  water 
sample  was  returned  to  the  laboratory  for  turbidity  determinations  (Hach  model 
2100A  turbidimeter). 

Experiment  2: 

On  18  July  1975  substrate  sets  (3  per  site)  were  placed  at  3  locations  across  the 
channel.  Each  set  consisted  of  3  barked  logs  and  3  dowel  bundles  suspended  just 
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below  the  surface  using  anchors  and  floats.  The  sites  were  located  on  a  diagonal  line 
from  the  east  bank  to  the  west  bank  near  the  middle  of  the  study  area.  Water  depth 
was  30  cm  on  the  east  side,  100  cm  near  center  channel,  and  80  cm  on  the  west 
side. 

At  the  end  of  1,  2,  and  3  weeks  samplers  (3  replicates/substrate  type)  were 
recovered  from  each  site  and  examined  for  macroinvertebrates  as  before.  This  series 
was  analyzed  for  both  spatial  and  temporal  patterns  of  colonization.  Physicochemical 
data  were  gathered  as  in  experiment  1. 


RESULTS 


Experiment  1: 

A  total  of  19  different  taxa  was  collected  from  the  3  sets  of  substrates  (Table  2). 
Debarked  logs  had  fewest  individuals  and  species  while  dowel  bundles  had  the 
most  of  each  (but  proportionally  fewer  individuals  than  barked  logs  on  an  areal 
basis).  Of  the  six  orders  considered,  two  (Plecoptera  and  Trichoptera)  were  not 
found  on  debarked  logs;  the  plecopteran,  Perlesta  placida,  was  collected  only  on 
dowels.  Diptera  dominated  the  fauna  on  debarked  logs  (47.6%),  closely  followed  by 
Ephemeroptera  (38.5%).  The  reverse  was  found  on  the  other  two  substrates  where 
Ephemeroptera  were  most  abundant  on  barked  logs  (61.5%)  and  dowels  (53.0%) 
with  Diptera  much  less  numerous  (23.4%  and  30.7%,  respectively).  Coleopterans 
were  moderately  abundant  on  all  three  types  of  substrate,  averaging  about  12.5%  of 
the  faunas;  both  odonates  and  trichopterans  were  rare  (<  3%). 

On  all  three  substrates  microhabitat  preferences  were  exhibited  by  the  organ¬ 
isms  as  reflected  in  their  relative  abundances.  An  R  x  C  Test  of  Independence  of 
taxa  and  substrate  type  (Sokal  and  Rohlf  1969)  was  significant  (P  <  0.001)  indi¬ 
cating  rejection  of  the  null  hypothesis  that  these  two  variables  were  independent. 

Classification  of  taxa  into  functional  feeding  categories  (Merritt  and  Cummins 
1978)  revealed  three  groups  present  on  debarked  logs  and  five  groups  present  on 
each  of  the  other  two  substrates.  Collector-gatherers  were  dominant  on  all  three 
substrates  (52.4%  on  debarked  logs,  69.8%  on  barked  logs,  and  63.3%  on  dowel 
bundles)  and  miners  comprised  the  next  most  abundant  group  (40.5%  on  debarked 
logs,  23.5%  on  barked  logs,  and  28.4%  on  dowels).  Predators  accounted  for  7.1%  of 
the  fauna  on  debarked  logs,  1.9%  on  barked  logs,  and  3.8%  on  dowels.  Scrapers 
and  shredders  were  absent  on  debarked  logs,  but  comprised  2.9%  and  1.9% 
(respectively)  on  barked  logs  and  2.0%  and  1.5%  (respectively)  on  dowels. 

Calculation  of  an  index  of  community  structure  (Fisher  et  al.  1943,  Shepard 
unpublished  manuscript)  yielded  a  value  for  the  dowel  bundles  (a  =  3.03 
±  0.36)  greater  than  either  type  of  log;  there  was  no  significant  difference  (P  >  0.05) 
between  barked  logs  (a  =  1.94  ±  0.30)  (Fig.  2).  Because  this  structural  index 
is  based  on  a  logseries  distribution  of  individuals  among  taxa,  it  reflects  the  influence 
of  biotic  and  abiotic  factors  upon  the  composition  of  the  biota  by  evaluating  species 
richness  relative  to  total  numbers  of  individuals. 

Physicochemical  conditions  over  this  period  remained  fairly  constant.  On  both 
dates  the  water  was  warm  (~  20°  C)  with  negligible  current  (<  0.5  cm/sec);  dis¬ 
solved  oxygen  was  not  limiting  (7.8  and  8.6  mg/1)  and  turbidity  was  moderate  (34 
and  21  FTU). 
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Experiment  2: 

During  this  portion  of  the  study,  collections  yielded  the  equivalent  of  10,000 
individuals/m2  distributed  among  14  species  (Table  3).  Dowels  were  colonized  by 
slightly  more  than  half  the  total  numbers  (53.5%)  for  the  entire  experimental  period 
and  increased  by  116%  from  the  first  to  the  third  week.  Percent  change  in 
numbers/m2  from  one  week  to  the  next  increased  from  44.6%  to  49.3%;  greatest 
total  numbers  were  found  in  center  channel  (site  3)  and  fewest  along  the  east  bank 
(site  1).  In  contrast,  numbers/m2  on  logs  increased  by  only  49%  over  the  three 
weeks  and,  on  a  weekly  basis,  slowed  from  a  25.0%  increase  between  the  first  two 
weeks  to  a  19.3%  increase  over  the  last  two  weeks.  Logs  along  the  east  bank  had 
the  greatest  numbers  of  individuals  while  those  along  the  west  bank  had  the  fewest. 

Over  each  of  the  variables  (substrate  type,  position,  and  time)  the  fauna  was 
dominated  by  Ephemeroptera:  65.4%  on  logs  at  site  1  to  88.2%  on  dowels  at  site  2. 
The  coleopteran  Macromjchus  glabratus  was  next  most  abundant  (averaging  about 
14%  of  total  numbers),  while  plecopterans,  trichopterans,  and  odonates  were  each  a 
very  small  percentage  of  the  total.  Relative  abundances  of  functional  feeding  groups 
followed  the  ordinal  abundance  patterns,  i.e.,  most  organisms  were  gatherers  or 
scrapers  feeding  upon  fine  particulate  organic  matter  while  shredders,  filterers,  and 
predators  were  few. 

Comparisons  of  numbers/m2  by  time  available  for  colonization,  substrate  type, 
and  position  in  the  stream  channel  using  a  Multiway  Test  of  Independence  (Sokal 
and  Rohlf  1969)  resulted  in  rejection  of  the  null  hypothesis  that  the  variables  were 
jointly  independent  (P  <  0.001).  Calculation  of  this  G-statistic  for  all  possible 
pairs  of  variables  revealed  that  they  were  all  associated. 

The  a  index  of  community  structure  was  always  lower  than  in  the  first  ex¬ 
periment.  In  general,  dowels  had  higher  values  of  a  than  did  logs,  but  both 
temporal  and  spatial  patterns  were  highly  variable  (Fig.  3).  Not  unexpectedly, 
maximum  values  occurred  after  21  days’  colonization  time  when  logs  along  the  west 
bank  and  dowel  bundles  near  center  channel  were  virtually  identical.  Because 
values  tended  to  increase  with  time,  allowing  substrates  to  colonize  longer  may 
have  resulted  in  reduced  differences  observed  in  the  two  experiments.  Relative 
similarity  of  population  assemblages  on  different  substrates  was  determined  for  both 
spatial  and  temporal  patterns  (Fig.  4)  using  Mountford’s  (1962)  index  based  on  a. 
Most  similar  were  the  faunas  on  logs  and  dowels  near  the  east  bank  and  logs  in  the 
center.  Both  substrates  along  the  west  bank  clustered  together  and  were  distinct 
from  all  the  others.  Temporally,  the  faunas  on  7-day  dowels,  21 -day  logs,  and  21 -day 
dowels  all  grouped  together  with  very  high  similarity.  Seven-day  logs  and  14-day 
dowels  clustered  separately  and  were  less  similar  to  the  others.  No  subcluster  was 
significantly  different  (P  >  0.05)  from  the  others. 

Of  the  four  physicochemical  variables  measured,  current  velocity  and  turbidity 
fluctuated  more  than  water  temperature  or  dissolved  oxygen  (Table  1).  When 
numbers/m2  on  each  type  of  substrate  each  week  were  regressed  (least  squares 
method)  on  each  variable  some  significant  relationships  were  found  (i.e.,  the 
coefficients  of  determination  were  greater  than  0.90),  but  without  any  consistent 
patterns.  These  relationships  reflect  the  importance  of  abiotic  variables  in  influenc¬ 
ing  numerical  size  of  the  populations.  Lack  of  consistent  patterns  could  have 
resulted  from  high  variability  in  these  factors  or  from  a  limited  data  set. 
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DISCUSSION 

The  hypothesis  that  similar  population  assemblages  develop  on  different  sub¬ 
strates  or  in  different  positions  within  the  stream  channel  was  not  supported  by 
either  experiment  in  this  study.  Several  factors  probably  account  for  the  substrate 
differences:  wood  type,  degree  of  conditioning,  and  surface  complexity  (availability 
of  refugia).  Both  barked  and  debarked  logs  were  cut  from  the  same  branches  which 
had  been  lying  on  the  floodplain  long  enough  to  have  acquired  microbial  decomposers. 
Hardwood  dowels  had  not  been  similarly  preconditioned  before  use,  but  appeared 
to  have  rapidly  gained  fungal  colonizers.  While  these  decomposers  were  not 
investigated,  it  is  possible  that  qualitative  differences  (based  upon  length  of 
colonization  time)  provided  preferred  food  resources  for  scrapers  on  the  dowels. 
Surface  topology  can  provide  protection  from  predators  which  were,  in  that  part  of 
the  Sangamon  River,  primarily  centrarchid  fishes.  Dowel  bundles  had  deep 
crevices  where  adjacent  dowels  met  along  their  lengths,  and  appeared  to  provide 
deeper  relief  than  did  bark  roughness. 

Location  of  substrates  across  the  channel  resulted  in  different  faunal  assemblages, 
perhaps  because  the  channel  width  was  too  great  and  current  velocity  too  slow  to 
allow  much  drifting  from  one  location  to  another.  Substrates  located  near  each  bank 
were  readily  accessible  to  organisms  on  debris  along  the  water’s  edge,  while 
substrates  near  center  channel  could  only  have  been  colonized  by  drifting  organisms; 
preliminary  qualitative  sampling  over  the  previous  9  mos  yielded  only  a  single 
heptageniid  nymph  from  sediments  further  than  1  m  from  either  bank. 

Regardless  of  location,  dowels  collected  much  more  sediment  than  either 
barked  or  debarked  logs,  although  the  latter  two  substrates  also  became  well  coated 
with  sediment.  Predominance  of  collector-gatherers  was  a  reflection  of  the  abun¬ 
dance  of  fine  particulate  organic  matter.  Position  of  substrate  in  relation  to  accumula¬ 
tion  of  sediments  is  important  in  this  type  of  midwest  stream  as  Nilsen  and 
Larimore  (1973)  found  in  a  study  of  the  Kaskaskia  River,  Illinois.  They  found  that 
horizontal  logs  collected  and  sloughed  sediments  much  more  readily  than  did  logs 
placed  vertically.  In  the  present  study,  almost  all  natural  log  habitats  were  oriented 
horizontally  so  the  introduced  substrates  were  placed  in  the  same  manner. 

Faunal  abundance  was  low  relative  to  other  midwestern  streams.  Maximum 
densities  were  about  10,000/m2  in  this  segment  of  the  Sangamon  River  compared 
with  approximately  100,000/m2  in  the  Kaskaskia  River  (Nilsen  and  Larimore  1973) 
and  approximately  30,000/m2  in  the  Chippewa  River,  Michigan  (Litke  1978). 
Although  the  Sangamon  appeared  very  turbid,  measured  values  were  similar  to 
those  in  the  Kaskaskia,  so  this  was  probably  not  a  limiting  factor.  Two  possible 
explanations  for  the  low  abundances  are  colonization  time  and  amount  of  suitable 
habitat.  Coleman  and  Hynes  (1970)  found  that  their  substrates  required  more  than 
28  days  to  reach  steady-state  (i.e.,  pre-disturbance)  densities,  Nilsen  and  Larimore 
(1973)  found  maximum  density  was  reached  only  after  5  to  6  weeks,  and  Shaw  and 
Minshall  (1980)  found  that  more  than  6  weeks  was  required  for  full  colonization. 
Availability  of  suitable  habitat  was  probably  the  most  important  limiting  factor  in 
the  Sangamon  River,  as  most  of  the  streambed  was  highly  unstable  silts  and  clays 
and,  as  mentioned  above,  macroinvertebrates  were  found  only  on  downed  logs  and 
roots  exposed  along  the  banks.  Unlike  the  Kaskaskia  River  which  had  numerous 
debris  accumulations  generated  both  by  logging  and  by  tree  fall  from  Dutch  elm 
disease,  there  were  relatively  few  stable  logs  in  the  study  area.  Provision  of  suitable 


20 


Substrate  Colonization  by  Stream  Insects 


habitats  where  none  had  previously  existed  (e.g.,  near  center  channel)  resulted  in 
colonization  comparable  to  samplers  nearer  the  banks.  Mayflies,  in  particular,  could 
detect  presence  of  a  suitable  habitat  and  would  respond,  in  the  laboratory,  by 
swimming  across  a  large  pan  to  reach  dowels  inserted  at  the  other  end.  The  same 
sort  of  responses  to  physical  habitat  cues  were  observed  for  predatory  stream 
insects  by  Peckarsky  and  Dodson  (1980). 

An  important  consideration  in  any  study  of  stream  benthos  is  the  use  of  a 
sampling  technique  appropriate  to  the  ecosystem  and  purpose  of  the  investigation. 
It  is  convenient  to  use  the  same  type  and  size  sampler  as  others  have  for  better 
comparison  of  results.  The  nature  of  the  streambed  and  distribution  of  insects  in  the 
study  area  necessitated  use  of  wooden  samplers  rather  than  baskets  (or  trays)  with 
rocks,  or  nets  on  frames,  so  as  to  more  closely  mimic  available  habitats.  Differences 
in  type  of  substrate  and  their  location  within  the  channel  led  to  development  of 
distinct  communities.  This  pattern  would  most  likely  have  been  different  in  autumn 
(when  leaf  fall  contributes  large  amounts  of  allochthonous  organic  matter)  or  winter 
(when  the  river  floods  and  may  increase  tenfold  in  width)  but,  overall,  demonstrated 
the  control  of  abiotic  factors  in  the  distribution  and  abundance  of  benthic  insects  in 
upper  reaches  of  the  Sangamon  River. 
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Table  1.  Measured  physical  and  chemical  variables  at  each  site  during  the  duration 
of  experiment  2. 


Date 

Site 

Temperature 

(°C) 

Current 

(cm/sec) 

Dissolved 

Oxygen 

(mg/1) 

Turbidity 

(FTU) 

18  July 

East 

24.7 

8.0 

7.8 

19.5 

Center 

24.6 

12.0 

8.1 

37.5 

West 

25.0 

8.0 

8.2 

27.0 

25  July 

East 

23.0 

10.0 

7.7 

22.5 

Center 

25.1 

10.0 

7.7 

42.0 

West 

24.9 

<  0.5 

7.5 

39.5 

1  August 

East 

25.0 

8.0 

4.1 

10.0 

Center 

24.9 

5.0 

5.4 

26.5 

West 

24.9 

4.0 

4.9 

17.0 

8  August 

East 

21.5 

0.0 

6.7 

14.0 

Center 

19.8 

0.0 

6.4 

27.0 

West 

20.0 

0.0 

6.1 

18.5 
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Table  2.  Species  collected  on  three  different  types  of  wood  substrates  during 
experiment  1  and  their  relative  abundances  (mean  number/m2  ±  standard 
error  of  the  mean).  Surface  areas:  debarked  logs,  0.081  m2;  barked  logs, 
0.88  m2;  dowel  bundles,  0.174  m2. 


Species 

Debarked  logs 

Barked  logs 

Dowel  bundles 

Ephemeroptera 

Caenis  sp. 

0.0  ±  0.0 

17.1  ±  5.7 

0.0  ±  0.0 

Stenonerna  interpiinctatum 

62.0  ±  37.2 

113.8  ±  11.4 

69.0  ±  0.001 

Stenonerna  pulchellum 

6.2  ±  6.2 

0.0  ±  0.0 

8.6  ±  2.9 

Stenonerna  sp.  B 

0.0  ±  0.0 

5.7  ±  5.7 

2.9  ±  2.9 

Tricorythodes  sp. 

37.2  ±  24.8 

187.7  ±  51.2 

89.1  ±  48.9 

Plecoptera 

Perlesta  placida 

0.0  ±  0.0 

0.0  ±  0.0 

2.9  ±  2.9 

Trichoptera 

Nectopsyche  Candida  (L) 

0.0  ±  0.0 

0.0  ±  0.0 

2.9  ±  2.9 

Nectopsyche  sp.  (P) 

0.0  ±  0.0 

5.7  ±  5.7 

2.9  ±  2.9 

Pycnopsyche  sp.  (L) 

0.0  ±  0.0 

5.7  ±  5.7 

0.0  ±  0.0 

Hydroptilidae  (P) 

0.0  ±  0.0 

0.0  ±  0.0 

2.9  ±  2.9 

Coleoptera 

Berosus  perigrinus  (A) 

6.2  ±  6.2 

11.4  ±  11.4 

0.0  ±  0.0 

Macronychus  glabratus  (L) 

24.8  ±  24.8 

62.6  ±  62.6 

97.8  ±  34.5 

Helodidae  (L) 

0.0  ±  0.0 

0.0  ±  0.0 

2.9  ±  2.9 

Diptera 

Atherix  sp. 

6.2  ±  6.2 

0.0  ±  0.0 

0.0  ±  0.0 

Palpomyiia  sp. 

0.0  ±  0.0 

0.0  ±  0.0 

2.9  ±  2.9 

Pentaneurini  sp. 

11.5  ±  24.8 

130.8  ±  5.7 

110.6  ±  8.6 

Forcipimylinae  sp. 

6.2  ±  6.2 

0.0  ±  0.0 

28.8  ±  28.8 

Empididae  sp. 

6.2  ±  6.2 

0.0  ±  0.0 

2.9  ±  2.9 

Odonata 

Argia  violacea 

6.2  ±  6.2 

11.4  ±  11.4 

5.8  ±  5.8 

Note:  (L)  =  larvae;  (P)  =  pupae;  (A)  =  adults 
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Substrate  Colonization  by  Stream  Insects 


1.  Location  of  study  area  in  upper  reaches  of  the  Sangamon  River,  Illinois,  in  relation  to  the  cities  of 
Champaign-Urbana. 
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2.  Community  structure  summary  parameter  of  the  logseries  distribution  (mean  ±  1  standard  deviation) 
for  the  three  types  of  substrates  allowed  to  colonize  for  31  days  in  experiment  1. 
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Substrate  Colonization  by  Stream  Insects 


EAST  7  DAYS 


- logs 


8 


CENTER 


dowels 


14  DAYS 


WEST 


T  I  ME 


21  DAYS 


SITE 


3.  Community  structure  summary  parameters  for  both  log  and  dowel  bundle  substrates  in  experiment  2: 
a)  temporal  change  by  site:  b)  spatial  change  by  time. 


Transactions  of  the  Illinois  Academy  of  Science 


27 


SPATIAL 

D  3  LI  D 1  L  3  L  2  D2 


TEMPORAL 


D 1  D  3  L  3  L2  LI  D2 


4.  Cluster  dendrograms  of  communities  colonizing  substrates  during  experiment  2  arranged  both 
spatially  and  temporally.  D  =  dowel  bundles,  L  =  logs;  numbers  refer  to  sites:  1  =  east  bank;  2  = 
west  bank;  3  =  center  channel. 
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SEDIMENT  OXYGEN  DEMAND- 
FINGERNAIL  CLAM  RELATIONSHIP 
IN  THE  MISSISSIPPI  RIVER 
KEOKUK  POOL 


Thomas  A.  Butts 
Ralph  L.  Evans 
Water  Quality  Section 
Illinois  State  Water  Survey 
Peoria,  IL 
61652 

Richard  E.  Sparks 
Havana  Laboratory 
Illinois  Natural  History  Survey 
Havana,  IL 
62644 

ABSTRACT 

The  Water  Quality  Section  of  the  Illinois  State  Water  Survey  has  developed 
equipment  and  methods  for  measuring  in-situ  benthic  oxygen  usage  in  streams.  An 
open-bottom,  batch-type  respirometer  is  seated  in  the  stream  enclosing  a  known 
water  volume.  Dissolved  oxygen  (DO)  usage  is  measured  by  circulating  water 
across  the  face  of  a  galvanic  cell  oxygen  probe  implanted  in  the  chamber.  The  DO 
drop  is  referred  to  as  sediment  oxygen  demand  (SOD)  and  can  be  utilized  in 
conjunction  with  quantitative  and  qualitative  benthos  information  to  assess  the 
degree  of  pollution  of  bottom  sediments.  Benthos  collections  and  SOD  measure¬ 
ments  were  made  in  the  Keokuk  pool,  a  reach  of  the  Mississippi  River  having  a 
large  fingernail  clam  population  which,  in  some  areas,  appears  to  be  under  some 
environmental  stress.  The  SOD  rates  were  comparable  to  those  measured  in 
semi-polluted  to  polluted  Illinois  streams.  Fingernail  clam  respiration  was  the 
principal  cause  of  SOD  at  one  station  and  was  significant  at  three  others;  overall, 
the  primary  cause  was  microbial. 

INTRODUCTION 

Sediment  oxygen  demand  can  be  broadly  defined  as  the  use  of  dissolved 
oxygen  in  the  overlying  water  by  benthic  organisms.  In  stream  waters,  it  results 
from  the  biochemical  oxygen  demands  of  micro-  and  macroorganisms.  The  principal 
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micro-demand  is  due  to  bacteria;  diatoms,  protozoa,  and  aquatic  fungi  may  contrib¬ 
ute  also.  Macro-demand  is  caused  by  both  aufwuch  communities  and  burrowing 
fauna.  Worms,  insect  larvae  and  nymphs,  leaches,  snails,  and  mussels  are  the 
principal  burrowing  types.  Periphyton,  or  organisms  which  grow  on  or  are  attached 
to  underwater  substrates,  represent  an  important  source  of  SOD  in  some  streams. 
Slime  bacteria,  such  as  Sphaerotilus  and  Leptomitus,  form  filamentous  streamers  on 
the  bottoms  of  many  shallow  organically  enriched  streams  and  exert  significant 
oxygen  demands.  Attached  filamentous  green  algae  may  also  represent  a  demand. 
Inorganic  chemical  oxidation  reactions  can  exist,  but  rarely  do  so  in  streams.  The 
identification  and  determination  of  this  type  of  demand  are  difficult. 

The  Illinois  State  Water  survey  (SWS)  made  in-situ  sediment  oxygen  demand 
(SOD)  measurements  in  the  Keokuk  pool  of  the  Mississippi  River  on  14,  15,  and  16 
July  1976.  The  measurements  were  made  to  supplement  data  the  Illinois  Natural 
History  Survey  (NHS)  biologists  have  been  generating  on  fingernail  clam  popula¬ 
tion  dynamics  in  the  pool  since  1973  (Illinois  Natural  History  Reports,  1977)  and  to 
establish  an  SOD  data  base  for  use  in  assessing  future  benthic  conditions. 

The  objectives  of  measuring  SOD  in-situ  in  the  pool  were  1)  to  measure  gross 
benthic  oxygen  demands  for  use  in  establishing  the  polluted  state  of  the  sediments 
and,  2)  to  identify  and  quantify  the  benthos  for  making  inferences  as  to  the  nature 
and  sources  of  the  demands.  The  second  goal  was  partially  achieved  with  respira¬ 
tion  rates  of  fingernail  clams  derived  from  NHS  bench  studies,  the  results  of  which 
are  presented  in  this  paper. 

Qualitative  evaluation  of  sediment  conditions  can  be  made  with  sediment 
oxygen  demand  data.  Sediment  oxygen  demand,  resulting  from  benthal  respiration, 
is  a  good  indicator  of  organic  enrichment  of  benthic  sediments  and  bottom 
substrates.  Generally,  high  SOD  rates  are  indicative  of  organic  pollution  and 
biologically  unstable  bottoms.  Organic  benthic  material  is  stabilized  through  biological 
oxidation  processes;  consequently,  the  measurements  of  benthic  oxygen  usage  can 
aid  in  defining  the  polluted  condition  of  sediments,  i.e.,  the  degree  of  sediment 
pollution  can  be  indirectly  determined  by  measuring  oxygen  uptake. 

The  pool  is  a  long,  wide  navigational  pool  extending  85.25  km  from  Lock  and 
Dam  19  (milepoint  364.5)  at  Keokuk,  Iowa,  to  Lock  and  Dam  18  (milepoint  410.5) 
at  Burlington,  Iowa.  However,  the  primary  study  area  extends  only  23  km  above 
the  Keokuk  dam,  a  reach  historically  serving  as  a  host  to  the  greatest  concentration 
of  diving  ducks  in  the  Mississippi  Flyway  during  spring  and  fall  migrations. 
These  diving  ducks,  composed  principally  of  scaup  (bluebills),  depend  upon  the 
fingernail  clam  for  food  during  migrations.  Natural  History  Survey  biologists  are 
concerned  about  the  ability  of  the  pool  to  sustain  large,  viable  clam  populations. 

MATERIALS  AND  METHODS 

The  equipment,  methods,  and  procedures  used  to  perform  in-situ  SODs  in  the 
pool  are  basically  those  of  Butts  (1974).  Succinctly,  it  involves  containing  a  known 
volume  of  water  over  a  given  river  bottom  area  with  a  half  cylinder,  bell-type 
sampler  and  measuring  the  DO  drop  with  a  galvanic  cell  oxygen  probe  implanted  in 
the  sampler.  The  half  cylinder  consists  of  a  0.61  meter  length  of  14-inch  nominal 
diameter  steel  pipe  cut  in  half  with  5/16-inch  semi-circular  plates  welded  to  the 
ends.  The  sampler  volume  is  30.27  liters,  covers  a  flat  bottom  area  of  0.217  square 
meters,  and  weighs  54  kilograms.  Steel  angle  irons  of  nominal  size  2 "  x  2 "  x  3/16" 
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(2.54  cm  x  2.54  cm  x  0.074  cm)  are  welded  completely  around  the  bottom  for  use  as 
cutting  edges  and  for  sealing.  Extension  flanges  can  be  installed  on  the  angles  to 
prevent  excessive  settlement  in  extremely  fluid  bottoms.  Water  circulation  is 
accomplished  using  a  12-volt  DC  operated  pump  rated  at  148  liters  per  minute  at 
1.5  meters  of  suction  lift.  The  pump  and  DO  meter  are  operated  from  a  boat 
equipped  with  a  winch  and  small  crane  for  raising  and  lowering  the  sampler. 
Circulation  lines  consist  of  3/4"-inch  heavy  duty  garden  hose  with  a  short  clear 
section  of  plastic  tubing  placed  at  the  discharge  end  of  the  pump  for  observation 
purposes. 

Dissolved  oxygen  readings  were  taken  every  1  to  2  minutes  initially  and  then 
at  5-  and  10-minute  intervals  after  the  sediments,  disturbed  during  set-up  operations, 
had  resettled.  Total  sampling  times  ranged  from  60  to  82  minutes,  the  length 
depending  on  the  time  required  for  the  DO  usage  to  become  stabilized  at  a  linear 
rate.  The  beginning  of  an  SOD  curve  usually  resembles  an  exponential  curve 
because  of  the  initial  bottom  disturbance  and  the  subsequent  resettlement.  Tempera¬ 
ture  readings  are  taken  at  the  beginning  and  the  end  of  a  run  with  a  thermister 
attached  to  the  DO  probe. 

Benthos  samples  were  collected  with  a  23-cm  Ponar  dredge  and  were  washed 
in  a  Wildco  model  190  plastic  bucket  equipped  with  a  No.  30  sieve.  Residue 
retained  on  the  sieve  were  preserved  in  quart  (1.13  1)  Mason  jars  with  formaldehyde. 
Only  one  dredge  sample  for  biological  analysis  is  taken  at  any  one  sampling  station 
in  any  SOD  study  undertaken  by  the  SWS. 

Approximately  65  to  75  g  of  sediment  was  obtained  at  each  station  for 
determining  percent  volatile  and  dried  solids.  The  volatile  solid  parameter  serves  as 
a  general  indicator  of  organic  content.  The  percent  dried  solids  parameter  is  a 
general  indicator  of  constituency,  i.e.,  the  degree  of  solidity  or  liquidity  of  the 
sediments.  This  parameter  is  determined  by  decanting  the  supernatant  from  the 
top  of  a  refrigerated  sample,  thoroughly  mixing  the  residue,  and  oven  drying  it  at 
103°C.  The  oven  dried  residue  weight  divided  by  the  decanted  wet  residue  weight, 
times  100,  represents  the  percent  dried  solids.  Very  watery,  loose  sediments  usually 
represent  poor  benthological  substrates.  The  volatile  solids  were  determined  by 
incineration  according  to  Standard  Methods  (American  Public  Health  Association 
1975). 

SOD  measurements,  benthos,  and  sediment  samples  were  taken  at  or  near 
seven  established  NHS  sampling  stations.  The  stations  and  sampling  mile  points 
(MP)  were:  3  (389.0),  4  (376.0),  5  (375.0),  6  (374.0),  7  (370.3),  8  (369.3),  and  9 
(364.8). 

Field  observations  were  obtained  in  terms  of  mg/l/min  and  are  converted  to 
areal  rates  using  the  formula:  SOD  =  KS;  where  SOD  is  the  areal  rate  in  g/m2/day, 
S  is  the  linear  slope  of  the  SOD  curve  in  mg/l/day,  and  K  is  the  sampling  system 
constant  which  is  dependent  upon  the  bottom  area  covered  and  the  total  water 
volume  contained  by  the  sampler,  pump,  and  hoses.  For  this  study  K  equaled  233. 

The  in-situ  measurements  taken  at  ambient  water  temperatures  were  corrected 
to  25°C  using  the  formula  SODT  =  SOD2o  (1.047T'2°)  as  suggested  by  Velz  (1970); 
where  SODT  is  the  SOD  rate  at  any  temperature,  T,  and  SOD2o  is  the  SOD  at 
20°C. 
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RESULTS 

The  SOD  curves  are  shown  as  Figures  la-lg,  and  they  exhibit  a  number  of 
deflection  points  (Table  1)  which  represent  time  sequences.  The  underlined  values 
designate  the  liner  or  stabilized  values  which  normally  occurred  at  or  near  the  end 
of  a  run.  Zero  or  small  rate  changes  for  periods  of  approximately  30  minutes  usually 
signaled  the  need  for  terminating  a  run.  Depending  upon  the  biological  make-up  in 
the  sediments,  some  curves  exhibited  a  continuous  curvilinear  relationship  resem¬ 
bling  an  exponential  function.  Most  macroinvertebrate  respiration  rates  are  a 
function  of  the  dissolved  oxygen  levels  remaining  at  a  given  time,  i.e.,  respiratory 
activity  is  indirectly  proportional  to  the  dissolved  oxygen  saturation  deficit.  This 
fact,  however,  does  not  appear  to  hold  true  for  some  facultative  macroorganisms  and 
for  most  bacteria. 

The  macroorganisms  found  at  each  station  are  presented  in  Table  2.  The 
Chironomidae  and  Tubificidae  were  not  identified  down  to  species.  Because  of  the 
time  and  expense  involved  in  doing  so,  species  identification  of  these  taxa  is  not 
routinely  done  for  most  generalized  water  quality  studies. 

DISCUSSION 

Overall  the  Keokuk  pool  SOD  curves  exhibit  two  characteristics  atypical  of 
most  SOD  data  generated  for  other  Illinois  streams  and  lakes  between  1972  and 
1979  (Butts,  1974;  Lee,  et  al.,  1976;  Butts  and  Evans,  1978,  1979).  First  Keokuk 
pool  curves,  particularly  those  for  stations  3,  4,  6,  and  8,  display  considerable 
irregularity.  Most  curves  in  the  referenced  studies  are  relatively  smooth;  in  this 
study  only  the  data  for  station  7  approximates  a  typical  curve. 

The  irregular  nature  of  the  curves  may  reflect  the  relatively  large  and  some¬ 
what  diverse  benthic  biomass  at  these  stations  compared  with  that  for  most  interior 
Illinois  streams  and  lakes.  The  second  atypical  characteristic  is  the  lack  of  very  large 
initial  disturbance  rates.  Although  the  disturbance  rates  (Table  1)  are  significantly 
higher  than  the  more  stabilized  end  rates,  they  are  relatively  low  compared  with 
those  which  normally  occur.  As  an  example.  Butts  (1974)  measured  disturbance 
rates  ranging  from  15.9  to  47.5  g/m2/day  at  22  locations  on  the  Illinois  River. 
Disturbance  rates  as  high  as  93.6  g/m2/day  have  been  recorded  for  Lake  Meredosia, 
a  heavily  silted  Illinois  River  backwater  lake  (Lee  et  al,  1976).  The  low  disturbance 
rates  in  the  Keokuk  pool  are  attributed  to  sediments  at  station  3  through  8  being 
semi-compacted  to  compacted  gray  silt-clay;  the  sediment  at  station  9  immediately 
above  the  dam  is  a  gray  gelatinous  muck  streaked  with  black  silt. 

Typical  loose  benthic  sediments  (Butts,  1974;  Lee  et  al,  1976;  Butts  and  Evans, 
1978,  1979)  were  composed  principally  of  water,  having  moisture  contents  greater 
than  50%.  By  contrast,  the  water  content  of  the  Keokuk  pool  sediments  ranged 
from  only  29.7  to  49.6%.  The  volatile  portion  of  the  solids  content  ranged  from  a 
low  of  3.2%  at  station  3  to  a  high  of  6.4%  at  station  5.  The  volatile  solids  are  a  rough 
indicator  of  organic  pollution,  and  the  percentage  values  for  the  Keokuk  pool 
indicate  moderate  organic  enrichment.  Polluted  bottoms  are  usually  flocculent 
having  volatile  solid  percentage  compositions  grater  than  10%.  The  aforementioned 
Lake  Meredosia  sediments  are  polluted;  the  water  content  of  the  lake  sediments 
ranged  between  65  and  70%  while  the  solids  fraction  was  approximately  10% 
volatile. 

Butts  and  Evans  (1978)  categorized  the  polluted  state  of  sediments  using  89 
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SOD  measurements  made  in  widely  diverse  bottoms  in  northeastern  Illinois 
streams  (Table  3).  The  biomass  of  macroorganisms  was  generally  low,  therefore, 
bacterial  demand  accounted  for  most  of  the  oxygen  usage.  Five  study  area  stations 
have  SOD  rates  (as  represented  by  the  underlined  values  in  Table  1)  indicative  of 
pollution,  one  indicative  of  moderate  pollution,  and  the  other  indicative  of  slight 
degradation.  However,  the  high  values  for  stations  3  and  4  and  possibly  for  stations 
7  and  8  may  partially  be  caused  by  the  relatively  large  benthos  biomass  found 
during  the  sample  runs. 

Research  at  the  NHS  Havana  field  station  on  the  respiration  rate  of  fingernail 
clams  provided  information  for  correcting  the  gross  SOD  rates  for  fingernail  clam 
oxygen  usage.  Figure  2  depicts  a  respiration  rate  curve  derived  for  3  to  5  mm  shell 
length  fingernail  clams,  the  predominant  size  encountered.  Using  data  from  this 
curve  in  conjunction  with  the  estimated  clam  biomass  measured  at  each  station, 
adjusted  SOD  rates  were  computed  (Table  4). 

Slightly  less  than  half  of  the  SOD  at  station  3  is  attributable  to  fingernail  clam 
respiration.  Lesser,  but  significant  contributions  to  SOD  are  made  by  the  clams  at 
stations  4,  7,  and  8.  However,  even  with  the  exclusion  of  the  clam  oxygen  usage  the 
SOD  rates  at  stations  4,  7,  and  8  are  still  greater  than  3.0  g/m2/day  indicating 
additional  large  biomass  respiration  or  high  microbial  usage.  The  correlation 
coefficient  relating  the  total  macroorganisms  per  square  meter  (Table  2)  to  SOD 
rates  underlined  in  Table  1,  is  0.60,  a  significant  value  for  even  a  small  sample  of 
seven;  however,  it  explains  only  about  36%  of  the  variability  in  SOD  between 
stations.  Consequently,  by  deduction  benthic  microorganisms  appear  to  be  the 
single  most  important  contributor  to  the  SOD  in  most  areas  studied.  The  exception 
appears  around  station  3  where  45%  of  the  SOD  is  attributable  to  the  clams  alone; 
the  additional  3,674  macroorganisms  per  square  meter  at  station  5  probably  account 
for  over  5%  of  the  remaining  SOD,  leaving  microorganisms  accountable  for  less 
than  50%. 


CONCLUSIONS 

The  range  of  sediment  oxygen  demand  values  in  the  Keokuk  pool  are  compara¬ 
ble  to  those  measured  in  slightly  degraded  to  polluted  Illinois  streams  and  lakes. 

Fingernail  clam  respiration  is,  principal  cause  of  sediment  oxygen  usage  in  one 
localized  area  of  the  pool,  is  a  significant  contributor  in  at  least  three  other  areas 
sampled.  The  primary  cause  of  SOD  in  the  pool  overall  is  microbial. 
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Sediment  Oxygen  Demand — Mississippi  River 


Table  1.  SOD  rates  in  the  Keokuk  pool,  Mississippi  River. 


NHS  station 

Time  interval 

SOD  rates 

number 

(minutes) 

(q/m2/day  @  25°C) 

3 

0-12 

5.92 

12-27 

7.38 

27-37 

6.12 

37-62 

5.47 

4 

0-37 

5.10 

37-47 

2.59 

47-72 

4.34 

5 

0-10 

10.89 

10-40 

3.90 

40-65 

1.61 

6 

0-17 

6.74 

17-82 

5.99 

7 

0-5 

12.04 

5-60 

5.84 

8 

0-8 

11.39 

8-23 

2.68 

23-29 

9.87 

29-65 

5.63 

9 

0-7 

9.17 

7-43 

7.42 

43-78 

2.99 

Table  2.  Numbers  per  square  meter  of  macroorganisms  in  the  Keokuk  pool,  Mississippi  River. 
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Sediment  Oxygen  Demand — Mississippi  River 


Table  3.  Generalized  benthic  sediment  conditions  categorized  by  SOD  rates  measured 
in  northeastern  Illinois  streams. 


Generalized  benthic  SOD  range 

sediment  condition  g/m2/day  @  25°C 


Clean 

<0.5 

Moderately  Clean 

0.5-1. 0 

Slightly  Degraded 

1. 0-2.0 

Moderately  Polluted 

2. 0-3.0 

Polluted 

3. 0-5.0 

Heavily  Polluted 

5.0-10.0 

Sewage  Sludge 

<10.0 
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Sediment  Oxygen  Demand — Mississippi  River 


FIGURE  l. 


CH 


GO 


2- 


UJ  1 
CD 
>- 
X 

°  0 

Q 

>  3 
_1 
o 

OO  o 
OO 


20  40  60 

ELAPSED  TIME,  minutes 

Figure  Numbers  and  Title 


i  i — i  i  i  i  i  i  i  r 

STATION  6 

i i i nn i 

-  (d) 

^  — 

1  1  1  1  1  1  1  1 

_ 1 _ L _ 1 _ 1 _ 1 _ 

— i — i — i — i — i — i — i — i  i  r 

STATION  7 

H  1  1  1  I  1 

"  (e) 

/-n  i  i  i  i  i  i  i  i  i 

1  1 '  1  1  1-1 

I  i  i  i  i  f  i  i  i  r 

STATION  8 

1  1  1  1  1  1 

-  (f) 

— ■  ■ 

1 _ 1 _ l  l  1  1  l  i  i 

l  l _ 1 _ 1 _ 1 _ 1 _ 

i i i i i  i i i nr 

STATION  9 

H  1  1  1  1  1 

~  (g) 

— 

^<\  \ _ 1 _ 1 _ 1 _ 1 _ 1 _ 1 _ L 

1  1  1  1  1  1 

80 


Field  generated  sediment  oxygen  demand  curves  in  the  Mississippi  River  Keokuk  Pool 
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FIGURE  2.  Fingernail  clam  oxygen  uptake  at  25°C;  3-5  mm  shell  length. 
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ABSTRACT 

The  sensitivity  of  cilia  and  cirri  on  the  ctenidia  of  the  American  oyster 
Crassostrea  virginica  to  rapid  salinity  change  was  tested  in  vitro  with  excised, 
innervated  ctenidium  preparations.  Quantitative  measurements  of  metachronal 
wave  activity  and  particle  transport  rates  showed  that  on  ctenidia  from  oysters 
acclimated  to  15  o/oo  sea  water,  ciliary  activity  was  immediately  inhibited  by. 
exposure  to  salinities  below  15  o/oo,  but  was  unaffected  by  higher  salinities. 
Inhibition  was  followed  by  partial  or  complete  recovery  within  the  120-minute 
experimental  period.  Exposure  of  oysters  to  15  o/oo  sea  water  for  24  hours  shifted 
the  maximum  activity  to  5  o/oo  and  established  sensitivity  to  higher  salinities;  this 
shift  was  largely  reversed  if  oysters  were  re-exposed  to  15  o/oo  sea  water  for  an 
additional  24  hours.  When  total  salinity  was  held  constant  at  35  o/oo  but  the  Ca2  + 
concentration  was  varied  equivalently  to  the  salinity  variations,  the  effect  of  rapid 
salinity  changes  was  duplicated;  holding  Ca2  +  concentration  constant  at  the  level 
expected  for  35  o/oo  seawater  and  varying  the  total  salinity  greatly  diminished 
salinity  sensitivity.  These  results  indicate  that  the  responses  of  ctenidial  cilia  and 
cirri  to  rapid  salinity  change  is  mediated  principally  by  the  Ca2  +  concentration. 
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Changes  in  the  Rate  of  Beating  of  Ctenidia  Cilia 


Under  field  conditions,  the  compensatory  mechanisms  will  maintain  ciliary  activity 
at  high  levels  even  under  varying  salinity  regimes. 


INTRODUCTION 

The  American  oyster  Crassostrea  virginica  (Gmelin)  is  a  euryhaline  marine 
bivalve  mollusk  forming  extensive  subtidal  reefs  in  estuaries  on  the  Atlantic  and 
Gulf  Coasts  (Galtsoff,  1964).  The  species  is  abundant  in  lower  Mobile  Bay,  Alabama, 
a  habitat  characterized  by  a  complex  fluctuating  salinity  regime  (Schroeder,  1977). 
There  is  an  annual  cycle,  with  low  salinities  predominant  in  the  spring  during 
freshwater  flooding  (Schroeder,  1977,  1979)  which  can  lower  salinities  to  below  1 
o/oo.  If  the  condition  persists  for  weeks,  extensive  oyster  mortality  may  result 
(Galtsolf,  1930;  May,  1972).  Significant  diurnal  cycling  on  the  bottom  is  unusual,  but 
shifts  in  salinity  may  be  rapid  and  unpredictable. 

As  is  typical  for  marine  bivalves,  C.  virginica  is  an  osmoconformer  (Anderson 
and  Anderson,  1976)  with  an  apparent  capacity  for  cell  volume  regulation  with  free 
amino  acids  (Lynch  and  Wood,  1966).  Laboratory  studies  with  this  species  show  a 
low  salinity  lethal  limit  around  3  o/oo  (Loosanoff,  1952;  Castagna  and  Chanley,  1973) 
which  corresponds  well  with  ecological  observations  on  the  Gulf  Coast  (Galfsoff, 
1930;  Gunter  1953;  May,  1971).  While  oysters  may  avoid  extremely  low  salinities  for 
several  days  by  valve  closure,  the  oystrs  in  Mobile  Bay  appear  to  function  normally 
from  5  o/oo  to  over  30  o/oo  total  salinity  (May  1971,  1972). 

It  is  well  documented  for  marine  organisms  that  compensatory  mechanisms 
serve  to  regulate  physiological  functions  within  narrow  limits  in  the  face  of  broadly 
fluctuating  environmental  and  internal  parameters  such  an  osmotic  and  ionic 
concentrations  (Mangum  and  Towle,  1977).  When  an  osmoconforming  organism 
such  as  C .  virginica  is  exposed  to  a  change  in  salinity,  an  alteration  of  physiological 
function  is  expected,  followed  by  a  return  to  normal  activity  as  a  result  of  internal 
compensatory  mechanisms.  This  has  been  shown  to  be  the  case  for  pumping  and 
feeding  rates  in  C.  gigas  (Hopkins,  1936). 

The  experiments  reported  here  make  use  of  quantitative  measurements  of  the 
activity  of  cilia  on  the  surface  of  ctenidial  filaments  of  the  oyster  (oyster  ctenidial 
structure  is  described  by  Nelson,  1960).  Two  such  measurements  were  used:  the 
percentage  of  filaments  whose  lateral  cilia  display  a  metachronal  wave  and  the 
transport  rate  of  small  and  large  particles  by  the  frontal  cilia  and  laterofrontal  cirri. 
These  cilia  and  cirri  are  involved  in  the  generation  of  water  flow  through  the  mantle 
cavity  and  the  capture  of  suspended  particles,  so  changes  in  their  activity  will 
directly  affect  feeding  and  oxygen  consumption. 

This  study  examines  the  effect  of  rapid  salinity  change  on  ciliary  activity  in 
vitro.  The  activity  was  highly  sensitive  to  salinity  change,  but  compensatory 
responses  were  observed  that  permitted  acclimation  of  the  ciliated  system  within 
hours  or  days.  These  responses  were  mediated  primarily  by  changes  in  the  calcium 
ion  concentration  of  the  medium,  not  the  total  osmotic  concentration. 

MATERIAL  AND  METHODS 

Oysters  ( Crassostrea  virginica )  were  collected  from  a  shallow  subtidal  oyster 
bed  on  the  north  side  of  Dauphin  Island,  Alabama,  USA  during  late  summer,  fall 
and  winter  1981-82.  Salinities  ranged  from  10  to  30  o/oo  during  this  period. 
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Preliminary  experiments  were  performed  at  the  Dauphin  Island  Sea  Lab;  the 
experiments  reported  here  were  performed  at  Southern  Illinois  University,  Carbondale, 
Illinois,  UDA.  Oysters  were  collected  in  Alabama  and  shipped  to  Illinois  in 
insulated  containers,  arriving  within  three  days.  No  mortality  resulted  from  shipping. 

Oysters  were  acclimated  for  two  weeks  to  15  o/oo  artificial  sea  water  in  an 
Instant  Ocean  Aquarium  (temperature  21°  C.,  pH  7. 5-8.0).  Before  each  experiment, 
oysters  were  placed  in  finger  bowls  containing  the  artificial  sea  water,  the  posterior 
and  anterior  adductor  muscles  were  cut  and  each  ctenidium  with  its  branchial 
nerve,  visceral  ganglion  and  piece  of  posterior  adductor  muscle  for  support  was 
isolated.  This  ganglion/nerve/ctenidium  preparation  was  pinned  to  rubber  mats 
glued  to  the  bottom  of  a  petri  dish  containing  sea  water  and  the  dish  was  placed  in  a 
holder  fastened  to  the  adjustable  stage  of  a  microscope.  Under  a  10-power  objective 
the  ctenidium  was  seen  to  consist  of  numerous  parallel  filaments.  Three  major  types 
of  ciliated  cells  were  clearly  distinguished:  frontal,  latero-frontal,  and  lateral  (Nelson, 
1960;  Ribelin  and  Collier,  1977).  This  study  was  concerned  with  the  rate  of  beating 
of  the  lateral  cilia  which  beat  in  such  a  way  that  metachronal  waves  (Aiello  and 
Sleigh,  1972)  appear  to  travel  in  opposite  directions  along  each  side  of  each 
filament.  A  field  of  view  was  selected  which  contained  50  filaments.  By  moving  the 
microscope  stage  each  filament  could  be  followed  from  its  dorsal  attachment  at  the 
axis  to  its  free  ventral  margin.  Changes  in  the  metachronal  wave  activity  over  time 
were  determined  by  the  use  of  a  calibrated  sub-microscopic  stroboscopic  light 
source.  A  total  of  12  readings  were  obtained  for  each  preparation;  and  five 
preparations  were  tested  at  each  test  salinity.  The  percentage  metachronal  wave 
was  determined  for  each  preparation  by  calling  the  highest  reading  equal  to  100% 
and  normalizing  all  subsequent  readings  against  this  value. 

Particle  transport  rates  were  measured  with  the  same  apparatus  and  identical 
tissue  preparations.  The  tissue  was  exposed  to  suspensions  of  latex  beads  (Sigma)  of 
two  particle  diameters  at  a  concentration  of  106  beads  l'1.  The  movement  of 
individual  particles  on  the  grill  surface  was  observed  with  an  optical  micrometer 
and  the  period  of  transit  timed.  Twelve  determinations  were  made  for  each 
preparation  and  the  transport  rate  calculated  (10~6  m  s'1);  five  preparations  were 
tested  at  each  salinity. 

A  constant  temperature  of  21  ±  1.5°C  was  maintained  on  the  adjustable  stage 
containing  the  preparation  by  connecting  tubing  to  a  temperature-controlled  circulator. 
A  thermoprobe  was  placed  in  the  petri  dish  to  monitor  temperature  during  the 
course  of  the  experiment.  Control  measurements  of  percentage  metachronal  wave 
activity  and  particle  transport  rate  were  made  at  0,  10  and  20  minutes  in  the 
acclimation  medium.  Exposure  to  the  test  media  was  accomplished  by  replacing  the 
contents  of  the  petri  dish  with  the  new  solution  and  continuing  to  perfuse  the  dish 
through  the  experimental  period. 

Test  solutions  were  made  from  reagent  grade  salts  according  to  Harvey,  1957. 
When  called  for,  Ca2  +  (as  CaCl2)  and  Na  (as  NaCl)  substituted  for  one  another. 

The  data  for  maximum  metachronal  wave  activity  are  expressed  as  a  percentage 
of  the  maximum  activity  observed  during  the  control  period.  The  data  for  particle 
transport  rate  were  similarly  normalized: 

%  maximum  rate  = 

(maximum  control  rate  -  rate  at  time  t)  x  100 


maximum  control  rate 
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RESULTS 

Oysters  were  divided  into  three  groups  (Table  1).  Group  A  oysters  were  those 
acclimated  to  15  o/oo  artificial  seawater.  Group  B  oysters  were  transferred  from  15 
o/oo  to  5  o/oo  seawater  for  24  hours  before  opening.  Group  C  oysters  were 
transferred  from  15  o/oo  to  5  o/oo  for  24  hours  and  back  to  15  o/oo  for  an  additional 
24  hours  before  measurements  of  ciliary  activity  wre  made.  All  experiments  were 
performed  on  these  three  groups. 

Comparison  of  mean  control  values  by  analysis  of  variance  indicated  that  in  two 
of  the  three  experiments  there  were  significant  differences  between  the  three 
groups  (Table  2).  Since  the  percentage  of  filaments  displaying  a  metachronal  wave 
(metachronal  wave  activity)  was  normalized  at  100  percent  during  the  control 
period  (see  METHODS),  the  significant  differences  in  the  means  observed  in  the 
constant  Ca2+  experiment  may  be  interpreted  as  a  greater  variability  over  the 
three  control  time  points  (Table  2). 

Mean  control  values  for  the  particle  transport  rates  of  the  three  groups  were 
not  significantly  different  in  the  variable  salinity  experiment,  but  were  significantly 
different  (E  001)  in  the  other  two  experiments.  These  results  are  interpreted  as 
showing  incomplete  acclimation  of  the  ciliary  activity  to  the  salinity  treatment 
regimes  described  for  groups  B  and  C.  The  maximum  rate  in  the  control  period  was 
assumed  to  be  100  percent  to  normalize  the  experimental  data.  In  all  the  figures, 
the  experimental  results  are  the  change  in  the  mean  value  for  ciliary  activity  over 
the  30-  to  40-minute  time  period.  Standard  deviations  of  the  means  during 
perfusion  of  the  dishes  with  the  test  solutions  were  comparable  to  the  control 
values,  indicating  uniform  responses  among  individuals.  For  simplicity,  standard 
deviations  are  not  shown  in  the  figures. 

Table  1.  Crassostrea  virginica.  Experimental  design.  Acclimation  salinity  refers  to 
acclimation  in  the  laboratory;  treatment  involved  transferring  intact  oys¬ 
ters  to  aquaria  of  the  indicated  salinities. 


GROUP 

ACCLIMATION  SALINITY  (o/oo) 

TREATMENT  (o/oo) 

A 

15 

15 

B 

15 

5  for  24  hours 

C 

15 

5  for  24  hours 

15  for  24  hours 

A  rapid  change  in  medium  salinity  resulted  in  a  loss  of  coordinated  ciliary 
motion;  the  greater  the  change  in  salinity,  the  greater  the  reduction  in  the 
percentage  of  ctenidial  filaments  displaying  a  metachronal  wave  (Figure  1).  The 
usual  response  was  an  immediate  inhibition  of  ciliary  activity  followed  by  a  partial 
recovery  within  the  experimental  period.  The  metachronal  wave  activity  of  group  A 
oysters  was  unaffected  by  salinities  above  the  treatment  salinity  of  15  o/oo,  but  was 
strongly  inhibited  by  lower  salinities  (Figure  1A).  Similar  results  were  obtained 
with  the  group  B  oysters  (Figure  IB).  However,  the  range  of  salinity  sensitivity  has 
shifted.  Maximum  metachronal  wave  activity  was  measured  at  5  o/oo,  the  treatment 
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salinity,  while  both  lower  and  higher  salinities  inhibited  ciliary  activity.  At  15,  20 
and  30  o/oo  test  salinities,  a  more  gradual  loss,  or  decay,  of  ciliary  activity  was 
observed  rather  than  the  immediate  inhibition  seen  with  low  salinity  effects  on 
groups  A  and  B  oysters  (Figure  IB).  The  group  C  oysters  showed  that  24  hours  after 
returning  to  15  o/oo  the  oysters  were  regaining  the  range  of  sensitivity  shown  by 
the  group  A  oysters;  residual  sensitivity  to  high  salinity  remained,  seen  as  a  decay 
in  activity  (Figure  1C).  The  effect  of  treatment  salinity  on  salinity  sensitivity  is 
clearly  revealed  by  “the  spectrum  of  sensitivity  maximum  inhibition  of  metachro- 
nal  wave  activity  as  a  function  of  exposure  salinity  for  the  three  groups  (Figure  2). 

The  sensitivity  to  rapid  salinity  change  observed  could  be  a  result  of  changes  in 
the  concentration  of  particular  ions.  Since  changes  in  the  intracellular  concentration 
of  Ca2  +  are  known  to  inhibit  the  ciliated  cells  in  Mytilus  edulis  (Walter  and  Satir, 
1978;  Paparo,  1980),  the  effect  of  this  ion  was  tested.  Test  solutions  were  made  up 
with  a  total  salinity  of  35  o/oo  but  with  Ca2+  concentrations  equivalent  to  the 
salinities  already  tested.  Any  differences  between  the  effects  of  these  test  solutions 
can  be  ascribed  to  changing  levels  of  the  cation.  The  results  (Figure  3)  show  that  for 
all  three  groups,  the  effect  of  varying  the  Ca2+  concentrations  at  constant  high 
salinity  virtually  duplicates  the  effect  of  varying  the  total  salinity;  the  sensitivity 
spectra  are  similar  (Figure  4). 

To  confirm  these  results,  the  inverse  experiment  was  performed:  Ca2  + 
concentration  was  held  constant  at  the  level  expected  in  seawater  at  35  o/oo  salinity 
(10~2  mol  T1),  but  the  total  osmotic  concentrations  were  varied  as  in  the  first 
experiment  (Figure  1).  The  results  (Figure  5)  indicate  that  all  three  groups  of 
oysters  responded  similarly  to  the  rapid  change  in  salinity.  Rather  than  sudden 
inhibition,  a  gradual  decay  in  the  percentage  of  gill  filaments  displaying  a  metachro- 
nal  wave  was  observed.  At  all  salinities,  the  effect  of  the  rapid  change  was 
minimized,  as  is  shown  in  the  sensitivity  spectra  (Figure  6).  Departures  from  the 
treatment  salinity  exerted  only  a  minor  inhibitory  effect. 

In  general,  particle  transport  rates  showed  changes  in  response  to  test  media 
that  were  similar  to  the  changes  in  metachronal  wave  activity.  Large  particles  (25.7 
microns  mean  diameter)  were  transported  at  a  slower  rate  than  smaller  particles 
(5.7  microns  mean  diameter)  of  the  same  density;  the  recovery  of  the  normal  rate 
following  a  salinity  change  was  also  slower  for  the  larger  particles.  This  may  be  seen 
in  the  results  for  group  A  oysters  exposed  to  salinities  of  5,  10  and  15  o/oo  (Figure 
7).  The  particle  transport  rate  tended  to  decay  over  the  experimental  period  even 
when  measured  at  the  treatment  salinity  (Figures  7,  8,  10  and  12)  and  the 
variability  of  the  responses  of  individual  oysters  was  high  as  can  be  seen  in  the 
standard  deviations  of  the  control  values. 

Particle  concentration  also  affected  the  rate  of  particle  transport.  This  effect 
was  tested  by  exposing  the  ctenidial  tissue  preparations  to  increasing  concentrations 
of  particles  beginning  60  minutes  after  exposure  to  the  test  medium  when  recovery 
should  be  underway.  Concentrations  ranged  from  101  to  10'  particles  l'1.  In 
general,  particle  transport  rate  decreased  with  increasing  particle  concentration:  at 
most  test  salinities,  the  rate  was  significantly  negatively  correlated  with  log  particle 
concentration  (P  .05).  At  some  salinities  for  each  group,  this  correlation  was  not 
observed,  usually  when  the  transport  rates  were  maximal.  When  the  effects  of 
medium  change  on  particle  transport  rates  over  time  were  measured,  a  high 
concentration  (106  particles  l1)  was  used.  Hence  transport  rates  are  much  below 
the  maximum  possible  rates. 
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The  particle  transport  rates  changed  in  response  rapid  salinity  change  much  as 
did  the  metrachronal  wave  activity  (figure  B).  With  all  three  groups  of  oysters  an 
inhibition  of  the  transport  rate  was  followed  by  recovery,  with  maximum  rates 
measured  at  the  treatment  salinity.  Characteristic  shifts  in  the  sensitivity  spectra 
were  observed  for  groups  B  and  C  (Figure  9).  These  results  for  group  A  oysters 
were  nearly  duplicated  by  varying  the  Ca2+  concentration  while  holding  the 
salinity  constant  at  35  o/oo  as  previously  described  (Figure  10A,  11).  Group  B  oyster 
tissue  displayed  more  variable  responses  with  a  minimum  inhibition  at  10  o/oo  but 
maximum  recovery  at  5  o/oo,  the  treatment  salinity  Figure  10B).  The  response  to 
test  salinities  by  the  group  C  oysters  was  highly  variable,  but  the  key  elements  of  a 
return  to  low  salinity  sensitivity  and  residual  but  diminished  high  salinity  sensitivity 
are  present  (Figure  10C). 

The  experiments  measuring  particle  transport  rate  as  a  function  of  rapid 
salinity  change  with  a  constant  high  Ca2+  concentration  show  results  comparable 
to  those  measuring  metachronal  wave  activity  (Figure  12).  However,  a  substantial 
decline  in  the  transport  rate  over  the  experimental  period  was  observed  even  at  the 
treatment  salinities  for  all  groups.  The  rate  of  decay  of  the  transport  rate  was  clearly 
related  to  the  test  and  acclimation  salinities.  Although  the  pattern  of  response  in 
the  presence  of  constant  calcium  is  different  from  both  the  variable  salinity  and 
variable  calcium  responses,  the  salinity  sensitivity  spectra  are  essentially  the  same 
for  all  three  experiments  (Figure  13). 

DISCUSSION 

Oysters  have  a  highly  complex  ctenidial  structure  interpreted  as  an  adaptation 
for  pumping  water  through  the  mantle  cavity  and  capturing  suspended  particles  for 
food  (Nelson,  1960;  Ribelin  and  Collier,  1977;  Jorgenson,  1980).  The  lateral  cilia 
function  primarily  in  moving  water  through  the  animal  and  display  a  characteristic 
metachronal  wave  (Aiello  and  Sleigh,  1972).  The  laterofrontal  cirri  and  the  frontal 
cilia  generate  the  currents  required  for  capturing  the  suspended  particles  and 
moving  them  down  the  gill  surface  to  be  ingested  (Ribelin  and  Collier,  1977; 
Jorgenson,  1980).  The  present  study  has  measured  directly  the  activity  of  the  lateral 
cilia  as  the  percentage  of  filaments  displaying  a  metachronal  wave.  Generally  a  loss 
of  ciliary  coordination  is  accompanied  by  a  slowing  of  the  beating  rate,  although 
variations  in  the  beating  rate  are  not  always  associated  with  a  loss  of  the  metachro¬ 
nal  wave.  The  activity  of  the  laterofrontal  cirri  and  the  frontal  cilia  was  measured 
indirectly  as  the  rate  at  which  small  and  large  particles  were  transported  across  the 
ctenidial  surface. 

The  response  of  oysters  to  a  change  in  environmental  salinity  may  be  expected 
to  involve  a  complex  of  behavioral  and  physiological  changes.  When  Crassostrea 
gigas  was  exposed  to  altered  salinity  in  a  laboratory  aquarium  system,  the  animal 
ceased  pumping  and  closed  their  valves  (Hopkins,  1938).  Valve  closure  in  response 
to  salinity  change  has  been  termed  an  ‘isolation  response  (Davenport,  1979)  but  it 
may  be  to  some  extent  a  laboratory  artifact.  Hand  and  Stickle  (1977)  monitored 
valve  movements  of  C.  virginica  when  exposed  to  changing  salinities  and  found 
only  very  rapid  shifts  resulted  in  significant  valve  closure.  Under  natural  conditions, 
oysters  remain  open  most  of  the  time  (Loosanoff  and  Nomejko,  1946)  and  the 
ctenidia  are  exposed  to  changing  osmotic  and  ionic  concentrations  in  their  environment. 
In  organisms  inhabiting  fluctuating  salinity  environments,  we  expect  strong  selec- 
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tive  pressure  for  compensatory  mechanisms  active  in  maintaining  normal  physiological 
functions. 

Our  studies  using  largely  intact  innervated  oyster  ctenidia  show  that  shifts  in 
salinity  over  the  range  occurring  in  the  natural  habitat  of  this  species  have  an 
immediate  inhibitory  effect  on  the  activity  of  the  cilia  on  the  ctenidia.  The  results 
show  that  the  inhibition  is  largely  reversible  over  the  tolerance  range  of  the  oyster 
and  that  this  species  will  rapidly  acclimate  to  salinities  as  low  as  5  o/oo. 

Ciliary  activity  of  oysters  acclimated  to  15  o/oo  in  the  laboratory  was  very 
sensitive  to  low  salinity  exposure;  salinities  above  15  o/oo  exerted  no  effect.  This 
asymmetry  in  high  and  low  salinity  effects  was  preserved  even  after  exposure  of 
intact  oysters  to  5  o/oo  for  24  hours.  In  this  group,  while  salinities  above  5  o/oo  did 
indeed  inhibit  the  activity,  the  pattern  of  inhibition  was  different:  high  salinity 
exposure  resulted  in  a  decay  in  activity  rather  than  rapid  inhibition  (refer  to  group 
B  in  Figure  1  and  3).  The  explanation  may  lie  with  different  compensatory 
mechanisms  for  dealing  with  the  different  stresses;  similar  results  were  obtained  in 
testing  the  response  of  Mutilus  edulis  nerve  action  potentials  to  salinity  change 
(Willmer,  1978). 

Even  24  hours  exposure  in  the  laboratory  to  a  lower  salinity  produced  a  shift  in 
the  sensitivity  spectrum;  the  effect  was  almost  completely  reversed  by  a  24-hour 
re-exposure  to  15  o/oo.  Clearly  in  these  animals  the  isolation  response,  if  it  exists, 
must  have  been  relatively  brief.  These  shifts  are  important  for  interpreting  several 
earlier  studies  of  ciliary  activity  in  bivalves,  where  excised  filaments  were  exposed 
to  test  salinities  for  24  to  48  hours  before  measuring  activity  (Schlieper  et  al.,  I960; 
Vernberg  et  al.,  1963;  Theede  and  Lassig  et  al.,  1967;  and  Schlieper  et  al.,  1967). 
Such  preincubations  would  be  sufficient  for  acclimation  to  all  but  the  most  extreme 
salinities  so  the  investigators  were  measuring  the  extent  of  compensation  of  the 
ciliary  systems,  rather  than  acute  sensitivity.  Their  results  are  consistent  with  our 
studies  of  C.  virginica,  in  that  ciliary  responses  were  related  to  habitat  salinity  and 
could  be  shifted  by  exposure  of  intact  animals  to  a  new  salinity  regime  (Theede  and 
Lassig,  1967).  Acute  responses  of  the  laterofrontal  cirri  and  frontal  cilia  were 
measured  in  C.  virginica  and  three  other  bivalve  species  by  Van  Winkle  (1972)  from 
0.5  to  12  hours  with  results  similar  to  those  reported  here. 

Several  studies  have  implicated  Ca2+  in  controlling  ciliary  activity  on  bivalve 
ctenidia.  Paparo  and  Murphy  (1975a)  demonstrated  ciliary  arrest  with  Mytilus  edulis 
tissue  in  Ca2  +  -free  medium  and  increasing  inhibition  of  ciliary  activity  as  the 
Ca2+  concentration  was  raised  beyond  normal  levels.  An  increase  in  the  intracellu¬ 
lar  free  Ca2+  level  in  the  ciliated  cells  also  results  in  ciliary  arrest  (Walter  and 
Satir,  1978;  Paparo  and  Satir,  1980)  and  alterations  in  intracellular  free  Ca2  +  have 
been  unambiguously  associated  with  chemical,  photic  and  electrical  stimulation  and 
inhibition  at  the  level  of  the  ciliated  cell  and  the  branchial  nerve  (Paparo  and 
Murphy,  1975a,  1975b,  1976,  1980;  Paparo,  1980). 

Our  study  supports  the  significance  of  Ca2  +  in  controlling  ciliary  activity. 
When  Ca2+  was  varied  but  total  medium  salinity  held  constant  at  35  o/oo,  the 
results  of  the  salinity  variation  study  could  be  duplicated.  These  results  suggest  that 
the  salinity  effect  is  in  fact  a  calcium  effect,  and  explanations  for  the  compensatory 
response  will  be  found  in  mechanisms  influencing  the  intracellular  calcium  pool. 

Maintaining  the  Ca2  +  concentration  at  a  level  expected  for  seawater  at  35  o/oo 
did  not  completely  eliminate  the  salinity  effect.  This  can  be  most  easily  seen  in  the 
relationship  of  percent  inhibition  to  test  salinity  in  the  constant  calcium  experiment 
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(Fig.  5).  Other  ions  may  exert  a  minor  effect,  or  the  change  in  osmotic  pressure  and 
the  volume  regulation  response  may  play  some  role.  It  must  be  pointed  out  that  the 
salinity  level  in  the  variable  calcium  experiment,  and  the  calcium  level  in  the 
constant  calcium  experiment  were  substantially  above  the  acclimation  level  of  15 
o/oo  for  these  animals.  This  should  not  affect  the  within-group  effects  of  different 
test  salinities  or  calcium  concentrations. 

The  results  for  particle  transport  rate  tend  to  confirm  the  results  for  the 
percentage  of  filaments  displaying  a  metachronal  wave.  Large  particles  were 
transported  more  slowly  than  small  particles,  and  the  results  were  consistently 
more  variable.  The  measured  transport  rates  were  also  sensitive  to  particle 
concentration,  generally  declining  as  concentration  was  increased.  Since  a  high 
concentration  (106  particles  l1)  was  used  in  the  time  course  experiments,  the  rates 
recorded  were  probably  well  below  the  maximum.  It  should  also  be  noted  that 
transport  rates  tended  to  decay  over  the  140-minute  period  even  in  individuals 
exposed  to  the  control  solution,  perhaps  a  function  of  using  dissected  tissue.  One 
important  departure  from  the  results  for  percentage  metachronal  wave  was  observed: 
transport  rates  continue  to  show  substantial  salinity  sensitivity  even  when  a  consant 
Ca2+  concentration  was  maintained.  The  pattern  of  response  was  also  different, 
with  a  progressive  decay  of  the  rate  in  place  of  inhibition  and  recovery.  These 
results  suggest  a  sensitivity  of  the  ciliary  systems  involved  in  particle  transport  that 
is  different  from  the  lateral  cilia. 

The  experimental  system  we  have  employed  in  this  study  offers  several  distinct 
advantages  over  those  used  by  earlier  investigators.  First,  we  use  relatively 
untraumatized  tissue,  maintaining  full  innervation  of  the  ctenidia  by  the  branchial 
nerve,  unlike  the  excised  filaments  used  by  others  (Schlieper  et  al.,  1960;  Vernberg 
et  al.,  1963;  Theede  and  Lassig,  1967;  Schlieper  et  al.,  1967;  Van  Winkle,  1972);  the 
responses  of  innervated  ctenidia  should  more  closely  resemble  normal  in  vivo 
ciliary  responses.  Second,  our  system  provides  both  quantitative  and  direct  mea¬ 
surements  of  the  activity  of  cilia  of  clear  physiological  significance  to  the  intact 
organism.  Alterations  in  the  activity  of  the  lateral  cilia  will  alter  the  pumping  rate  of 
the  animal,  with  concomitant  effects  on  oxygen  consumption  and  feeding  expected. 
Earlier  studies  have  relied  either  on  qualitative  scoring  of  the  activity  of  “terminal 
cilia’  (Schlieper  et  al.,  1960;  Vernberg  et  al.,  1963;  Theede  and  Lassig,  1967; 
Schlieper  et  al.,  1967)  or  on  the  rate  of  movement  of  gill  fragments  across  a  surface 
(Van  Winkle,  1972).  Our  future  experiments  will  include  lateral  cilia  beating  rates  as 
well.  Third,  our  technique  resolves  rapid  and  short  term  change  in  ciliary  activity  as 
well  as  the  effect  of  acclimatory  or  longer  term  compensatory  changes  in  salinity 
sensitivity.  In  addition  to  confirming  results  of  earlier  studies,  this  system  permits  a 
kinetic  analysis  study  of  rates  of  ciliary  responses.  Our  results  suggest  that  the 
ciliary  response  can  be  dissociated  into  several  components:  inhibition,  recovery 
rate,  and  extent  of  recovery.  These  may  ultimately  be  related  to  the  kinetics  of 
calcium  flux  in  the  ciliated  cells  or  the  neurons  which  innervate  them.  Given  the 
physiological  requirements  for  normal  ciliary  activity,  these  responses  may  prove  to 
be  a  useful  indicator  of  stress  in  this  and  other  bivalve  species. 
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Figure  1.  Crassostreo  virginica.  Percentage  of  maximum  metachronal  wave  activity  after  exposure  of 
oysters  to  rapid  salinity  change.  A,  B,  and  C  refer  to  the  three  experimental  groups  (see  text). 
Control  measurements  at  0,  10  and  20  minutes  are  mean  percent  maximum  activity  for  all 
oysters  ±  standard  deviation.  Experimental  results  are  mean  values  (n  =  5  animals). 
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Figure  2.  Crassostrea  virginica.  Salinity  sensitivity  spectra  for  metachronal  wave  activity  for  oysters  of 
groups  A,  B,  and  C.  Data  from  Fig.  1. 


%  MAXIMUM  METACHRONAL  WAVE  ACTIVITY 


54 


Changes  in  the  Rate  of  Beating  of  Ctenidia  Cilia 


100 

80 

60 

40  - 

20- 

0- 


Figure  3. 


3A 


I  5 - 

10 - 

15  - 

20 - 

30  . 


~r 

0 


7 - r-2* — r~ — i - 1— 

40  80 

TIME  (MINUTES) 


— i - 1 

120 


3B 


|  20- 


X  - 

< 

£ 

o  0  -L-| - r — '  i  — i - 1 - 1 - 1 

0  40  80  120 

TIME  (MINUTES) 


3C 


x  100n 
> 


< 

z 

o 

cn 

X 

V 

< 

h- 

LU 

£ 

£ 

3 

£ 

X 

< 

$ 


60- 


40- 


20- 


\ 


\ 


'  \ 


/ 


/ 


— i - 1 - 1 - 1 - 1 

40  80  120 

TIME  (MINUTES) 


Crussostrea  virginica.  Percentage  of  maximum  metachronal  wave  activity  after  exposure  of 
oysters  to  a  rapid  change  in  Ca2+  concentration.  Total  salinity  was  held  constant  at  35  o/oo; 
salinities  on  ordinate  refer  to  the  Ca2+  concentration  expected  from  dilution  of  35  o/oo 
seawater.  Other  details  as  in  Fig.  1. 
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Figure  4.  Crassostrea  virginica.  Ca2  +  sensitivity  spectra  for  metachronal  wave  activity  spectra  for 
metachronal  wave  activity  for  oysters  of  groups  A,  B  and  C.  Data  from  Fig.  3. 
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Figure  5.  Crassostrea  virginica.  Percentage  of  maximum  metachronal  wave  activity  after  exposure  to 
rapid  salinity  change  in  the  presence  of  a  constant  Ca2+  concentration  (10  2  mol  l"1).  Other 
details  as  in  Fig.  1. 
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Figure  6.  Crassostrea  virginica.  Salinity  sensitivity  spectra  determined  in  the  presence  of  10  2  mol  1  1 
Ca2+  for  oysters  of  groups  A,  B  and  C.  Data  from  Fig.  5. 
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Figure  7.  Crassostrea  virginica.  Particle  transport  rates  of  small  (5.7  microns  diameter)  and  large  (25.7 
microns  diameter)  on  the  frontal  surface  of  group  A  oyster  ctenidia  at  5,  15  and  30  o/oo  test 
salinities  ( - )  small  particles;  ( - )  large  particles. 
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Figure  8.  Crassostrea  virginica.  Small  particle  transport  rates  after  exposure  of  oysters  to  rapid  salinity 
change  for  oysters  of  groups  A,  B  and  C.  Other  details  as  in  Fig.  1. 
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Figure  9.  Crassostrea  virginica.  Salinity  sensitivity  spectra  of  small  particle  transport  rate  for  groups  A, 
B  and  C  oysters.  Data  from  Fig.  8. 
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Figure  10.  Crassostrea  virginica.  Small  particle  transport  rate  on  the  frontal  surface  of  oyster  ctenida  of 
groups  A,  B  and  C  oysters  after  exposure  to  rapid  change  in  Ca2+  concentration  at  a 
constant  salinity  (35  o/oo).  Salinities  on  the  ordinate  refer  to  the  calcium  concentration 
expected  in  equivalently  diluted  seawater.  Other  details  as  in  Fig.  1. 
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Figure  11.  Crassostrea  virginica.  Ca2+  sensitivity  spectra  for  small  particle  transport  rate  for  groups  A, 
B  and  C  oysters.  Data  from  Fig.  10. 
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Figure  12.  Crassostrea  virginica.  Small  particle  transport  rate  on  the  frontal  surface  of  oyster  ctenidia  of 
groups  A,  b  and  C  oysters  after  exposure  to  rapid  salinity  change  at  a  constant  Ca2  + 
concentration  (1()'2  mol  l"1).  Other  details  as  in  Fig.  1. 
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SALINITY  (  °/oo ) 

Figure  13.  Crassostrea  virginica.  Salinity  sensitivity  spectra  at  a  constant  Ca2+  concentration  (10'2  mol 
l"1)  for  oysters  of  groups  A,  B  and  C.  Data  from  Fig.  12. 
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A  Computer  Approach  to  Investigating  Inner  Automorphisms  of  Cayley's  Albegra 

by 

P.  J.  C.  Lamont 
Western  Illinois  University 

1.  The  Algorithm.  A  computer  was  used  to  discover  relationships  between  the 

inner  automorphisms  of  Cayley's  algebra  C^  over  the  field  of  real  numbers. 

Using  the  formulas  discovered,  the  result  that  every  automorphisms  of  C  is 

an  inner  automorphism  was  proved.  This  paper  explains  the  development  of 

computer  software  used  in  finding  a  proof  that  every  automorphism  of  C^  can 

be  computer  generated  using  only  the  standard  operations  of  C.  A  hierarchy 

chart  organizing  the  results  used  in  the  proof  is  given  in  figure  1.  The 

crucial  task  performed  by  the  computer  was  to  find  examples  of  explicit 

formulas  expressing  the  reflection  in  any  quaternion  subalgebra  H  of  C  in 

a  natural,  computable  form.  A  computer  was  used  to  search  for  examples  of 

possible  formulas.  The  formulas  discovered  are  given  in  Theorem  1.2  below. 

Let  C^  denote  Cayley's  algebra  defined  over  the  field  R.  of  real  numbers. 

In  terms  of  a  given  basis  i0  =  1,  i],  i 2 »  •••>  i*7>  a  general  element 
7 

£  =  E  xc  i„  of  C  has  real  components  x„ .  The  norm  of  £  is  given  by 

0^  s  s 

7  _ 

N(£)  =  I  X5  and  the  real  part  by  R(£)  =  x0.  The  element  £ =  2  x0  -  £ 

s=0 

of  C^  is  called  the  conjugate  of  £.  Any  element  ^  of  C  satisfies  the  rank 
equati on 

s2  -  2  r(c)  e+  n(c)  =  0.  0) 


65 


66 


Automorphisms  of  Cayley’s  Algebra 


Kul tipi ication  in  C  is  given  by  the  formula 

S  n  =  C0n0  -  +  (n-|C0  +  C.i  ^o)  U  (?) 

where  ft  (t  =  0,1)  are  elements  of  the  quaternion  subalgebra  H  of  C 
generated  by  { i s } q  over  R_.  Programming  multiplication  of  Cayley  numbers  is 
similar  in  difficulty  to  programming  multiplication  for  matrices  with  eight 
rows  and  eight  columns.  A  sample  program  is  given  below  of  programming 
Cayley  multiplication  using  matrix  multiplication. 

An  element  6  of  C  has  a  unique  multiplicative  inverse  6  /  N( 6 )  if  and  only 
if  N(6)  is  non-zero.  The  following  theorem  is  proved  in  [3]. 

Theorem  1.1.  A  non-real  element  a  of  jC  induces  an  inner  automorphism 

[a]  :  £  +  aCc-1 
of  _C  if  and  only  if 

4  R2(o)  =  N(o)  +  0. 

An  automorphism  t  is  called  a  reflection  if  t2  =  1  and  t  f  1. 

A  reflection  t  is  the  identity  mapping  1  on  some  quaternion  subalgebra 
of  £  and  -1  on  the  orthogonal  complement.  Jacobson  [2]  has  proved  that 
every  automorphism  of  C  is  a  product  of  reflections.  The  formulas  for 
the  reflection  in  quaternion  subalgebra  HI  discovered  using  the  computer  are 
given  in  the  following  theorem. 
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Theorem  1.2.  Let  o=k(  1  +  i i  +  i 2  +  1'3^  and  P=1'3G-  Then 

[ (op)  -  1  ]  [ap]  and  {  [o]  [p2 ] } 2 
both  represent  the  reflection  in  H_. 

The  theorem  can  be  proved  using  the  Dickson  multiplication  (2). 

The  proof  of  the  following  theorem  is  given  in  [5]. 

Theorem  1.3.  Every  automorphism  of  is  a  product  of  inner  automorpnisms . 

2.  Computer  Implementation.  Using  the  method  of  Cayley  [1]  to  represent 
products,  the  following  BASIC-PLUS  program  performs  Cayley  multiplication. 
The  arrays  A  and  B  represent  the  coefficients  of  the  Cayley  numbers  to  be 
multiplied  and  the  array  M  gives  the  answer. 

10  DIM  A( 8, 1 ) ,  B(1  ,8),  C(8,8) 

20  DIM  D ( 8 , 8 ) ,  Z(8) ,  M(l,8) 

30  MAT  READ  A 
40  MAT  READ  B 
50  MAT  C=A*B 
60  S=S+C(1,1) 

70  FOR  I  =  2  TO  8 
80  S=S-C( 1,1) 

90  NEXT  I 
100  FOR  I  =  2  TO  8 
110  E(I)  =  C ( 1  , 1 )  +  C( 1 , 1 ) 

120  FOR  J  =  2  TO  8 

130  D( I , J )  =  C(I,J)  -  C(J,I) 
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140  NEXT  J 
150  NEXT  I 


160 

Z(l)  - 

D(  3,4) 

+ 

D(5,6) 

+ 

0(8,7) 

+ 

E(2) 

170 

Z(2)  = 

D(4,2) 

+ 

0(5,7) 

+ 

D(  6 , 8 ) 

+ 

E(3) 

180 

Z(3)  = 

D(2,3) 

+ 

D(7 ,6) 

+ 

D(  5,8) 

+ 

E(4) 

190 

Z  ( 4 )  = 

D  ( 6 , 2 ) 

+ 

D  ( 7 , 3 ) 

+ 

D(8,4) 

+ 

E(5) 

200 

Z(  5)  = 

D(2,5) 

+ 

D(4,7) 

+ 

D(  8, 3 ) 

+ 

E(6) 

210 

Z  ( 6 )  = 

D  ( 3 , 5 ) 

+ 

D(6,4) 

+ 

D(2,8) 

+ 

E(  7) 

220 

Z(7)  = 

D(3,6) 

+ 

D(4 ,5) 

+ 

D(7,2) 

+ 

E  (8 ) 

230 

M(1 ,1 ) 

=  S 

240 

M(1  ,K) 

=  Z ( K- ' 

1) 

FOR  K 

- 

2  TO  8 

250  MAT  PRINT  M 

260  DATA  —  coefficients  of  first  Cayley  number 
270  DATA  —  coefficients  of  second  Cayley  number 
280  END 


By  nesting  the  above  program  suitably,  repeated  applications  produce  the 
images  of  the  basic  units  of  C  under  automorphisms  of  the  form  given  in 
Theorem  1.1.  For  example,  a  =  ^(1  +  i’2  +  i'4  +  iy)  gives  the  following  automorphis 


io 

-* 

i0  = 

1 

n 

~hi  i  1 

+ 

h 

+ 

1 5 

+ 

ie) 

i  2 

-> 

hi  1*4 

+ 

1 5 

- 

n6 

+ 

v) 

i3 

-> 

hi  i] 

- 

1 3 

+ 

u 

- 

17) 

U 

-> 

hi  1*2 

- 

1 3 

+ 

16 

+ 

V 

1  5 

hi  ii 

- 

i2 

- 

'5 

+ 

17) 

1 6 

-> 

%( i  1 

+ 

12 

- 

U 

- 

V 

i  7 

CNJ 

+ 

1 3 

+ 

U 

- 
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Suitable  choices  of  chains  of  automorphism  generating  elements  yielded 
Theorem  1.2.  Programs  were  written  for  a  PDP-11/40  using  MICS/11 
operating  system  under  the  RSTS/E  time  sharing  monitor  in  BASIC-PLUS. 
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Every  automorphism  of  C  is  inner 


Every  automorphism  is  a 

Every  reflection  is  inner 

PRODUCT  OF  REFLECTIONS 

The  reflection  in  quaternion 

SUBALGEERA  H  IS  INNER  j 

_  _ _ _ _ L 

[(op)-1] 

[ap] 

i 

i 

IS  A  REFLECTION  IN  H 


Fi gure  1 . 
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ABSTRACT 

The  effect  of  a  long-day  photoperiod  (18L:6D)  was  observed  on  the  locomotor 
rhythms  of  six,  male  Mongolian  gerbils,  Meriones  unguiculatus .  Animals  were 
housed  individually  in  running  wheel  activity  cages  coupled  to  an  Esterline  Angus 
Event  Recorder.  Light  intensity  measured  to  the  center  of  the  housing  compart¬ 
ment  was  2.2  lux;  temperature  of  the  room  was  thermostatically  controlled  at  20  ± 
2°C  with  no  seasonal  correlation.  Hourly  activity  was  quantified  into  monthly  means 
for  each  gerbil.  A  composite  curve  for  all  experimental  animals  indicated  peaks  of 
activity  in  November  (1980)  and  April  (1981)  statistically  significant  (P  much  less 
than  0.001)  from  a  trough  in  January  (1982).  The  light/dark  (LD)  cycle  is  a  universal 
zeitgeber  for  circadian  rhythms.  In  addition,  it  is  essentially  involved  in  the  phe¬ 
nomenon  of  photoperiodism. 


INTRODUCTION 

The  scientific  literature  dealing  with  the  life  sciences  is  replete  with  articles 
relating  to  periodic  phenomena.  Biological  rhythms  are  any  behavioral  or  morpho¬ 
logical  process  recurring  at  somewhat  predictable  intervals.  Many  of  them  have 
geophysical  correlates  with  frequencies  similar  to  the  solar,  tidal,  lunar,  and  annual 
oscillations.  In  the  absence  of  any  obvious  entraining  agents,  these  rhythms  assume 
periods  close  to  but  not  exactly  the  same  as  their  geophysical  correlates  and  are 
called:  circadian,  circatidal,  circalunar,  and  circannual.  Rhythms  within  range  of 
those  previously  listed  may  be  assigned  a  prefix  indicating  ultra-  (less  than)  and 
infra-  (more  than).  The  exact  clock  or  pacemaker  is  still  unknown  (but  we  may  be 
getting  closer  to  its  discovery),  and  biologists  remain  forced  to  study  the  overt, 
observable  expression  of  the  pacemaker,  or  the  proverbial  “hands-of-the-clock” 
during  their  scientific  investigations.  Saunders  (1977)  has  written  a  good,  basic 
introduction  to  the  field. 

The  Zeitgebers  or  entertaining  agents,  those  which  force  the  pacemaker  and/or 
overt  rhythm  to  maintain  a  particular  period,  have  been  found  to  be  the  cycles  of 
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day-night,  temperature,  barometric  pressure,  humidity,  weather,  sound,  olfaction, 
and  social  cues.  Nevertheless  the  most  constant  and  noise-free  environmental  and 
laboratory  Zeitgeber  is  the  light/dark  cycle  (Englemann,  1981;  Pittendrigh,  1981). 
The  effects  of  LD  cycles  on  circadian  rhythms  have  been  studied  extensively,  but 
the  effects  on  long  term  rhythms  are  just  beginning  to  be  elucidated.  The  most 
prevalent,  long  term  rhythm  is  the  circannual  period.  Circannual  rhythms  are  those 
processes  repeating  at  intervals  approximating  a  year  in  the  absence  of  any  varying, 
environmental  Zeitgeber.  Within  the  laboratory,  experiments  have  to  last  for  years. 
They  have  been  found  in  the  hibernation  of  goldenmantled  ground  squirrel 
(Mrosovsky  et  al.,  1976;  Pengelley  and  Asmundson,  1974),  menstrual  cycles  of 
monkeys  (Dailey  and  Neill,  1981;  Michael  and  Zumpe,  1981),  body  mass  of 
chipmunks  and  marmots  (Ward  and  Armitage,  1981;  Richter,  1978;  Davis,  1976), 
breeding  of  crayfish  (Jegla  and  Poulson,  1970),  body  mass  of  birds  (Chandol  et  al., 
1980)  and  growth  of  a  dinoflagellate  (Yentsch  and  Mague,  1980). 

In  addition  to  circannual  rhythms,  the  literature  lists  examples  of  numerous 
types  of  long  term  periods.  Many  experimental  designs  (usually  less  than  a  year) 
exist  for  the  observation  of  such  periods.  Organisms  may  be  observed  within  their 
natural  environment  or  captured  from  the  natural  state  and  immediately  studied 
(Scelza  and  Knoll,  1982;  Rosenblatt  et  al.,  1982;  Eales  and  Fletcher,  1982;  Francezon 
et  al.,  1981;  and  Dziubek  et  al.,  1981).  Organisms  may  be  observed  within  the 
laboratory  but  under  natural  photoperiods  (Dang  and  Meusy-Dessolle,  1981;  Pohl 
and  West,  1976).  Finally  organisms  may  be  removed  from  “natural”  conditions  and 
placed  under  constant  conditions  usually  for  a  period  of  a  few  months  (Kavaliers, 
1981;  Kenagy  and  Bartholomew,  1979;  Pohl,  1977;  Gwinner,  1975).  In  these  various 
studies,  conditions  before  the  actual  experimentation  could  have  lasting  “after¬ 
effects”  on  the  organism  and  thus  could  have  affected  the  results. 

Not  only  is  the  light/dark  cycle  a  necessary  part  of  entrainment,  it  is  also 
essential  for  the  phenomenon  of  photoperiodism  (not  to  be  confused  with  photoperiod 
or  LD  cycle).  Photoperiodism  involves  the  induction  of  some  seasonal  event  such  as 
flowering,  reproductive  readiness,  diapause,  hibernation,  moulting,  migration,  or 
pelt  growth  (Follett  and  Follett,  1981).  Also,  certain  photoperiodic  processes  are 
known  to  have  circannual  periods. 

In  the  present  study,  I  continue  to  observe  the  effects  of  the  light/dark  regime 
on  the  locomotor  activity  of  the  Mongolian  gerbil.  Circannual  rhythms  were 
reported  under  continuous  dim  illumination  (Natalini,  1978)  and  observed  under 
12L:12D  conditions  (Natalini,  unpublished).  With  the  significance  of  the  light/dark 
cycle  relating  to  entrainment  of  biological  rhythms  and  to  involvement  in 
photoperiodism,  I  wanted  to  determine  the  effects  of  a  long-day  lighting  regime  on 
the  rhythm  of  gerbil  activity.  By  abolishing  the  natural  light/dark  cycle,  the  gerbils 
should  be  able  to  free-run  under  the  experimental  conditions  producing  no  “exact 
seasonal  cycle.  The  aim  of  this  and  future  experiments  is  to  help  obtain  a  better 
picture  of  circannual  rhythms  of  the  gerbil.  Further  considerations  of  the  signifi¬ 
cance  of  such  rhythms  and  possible  mechanisms  are  deferred  until  the  Discussion. 

MATERIALS  AND  METHODS 

Six-week-old  male  Mongolian  gerbils,  Meriones  ungiculatus,  were  purchased 
from  Tumblebrook  Farms,  West  Brookfield,  MA.  Upon  arrival,  the  animals  were 
observed  for  one  week  under  a  12L:12D  photoperiod  (light  on  -0600  hours  CST)  in 
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order  to  ascertain  any  immediate  problems.  On  1  September,  1980  the  gerbils  were 
placed  in  a  rectangular  photoperiod  of  18L:6D  (light  on  -0600  hours  CST).  Data 
collection  ceased  on  31  March,  1982.  Two  out  of  the  six  experimental  animals  died 
within  the  last  two  months  of  the  experiment. 

Animals  were  housed  individually  in  Wahmann  activity  cages  (model  LC14) 
having  a  wire  mesh  (9.0  mm)  revolving  wheel  (diameter  35  cm)  with  access  through 
a  partition  to  a  living  compartment  (25.5  L  x  15.5  W  x  12.5  H  cm)  made  of  wire 
mesh  cloth.  In  order  to  prevent  self-selected  lighting  regimes  (see:  Aschoff,  1981a), 
no  bedding  was  provided  in  the  living  compartment.  The  activity  recorders  were 
placed  concentrically  around  four,  six-watt  incandescent  light  bulbs  with  a  light 
intensity  of  2.2  lux  measured  at  the  center  of  the  housing  cage  (Weston  light  meter 
Model  No.  703-60).  The  same  intensity  used  in  my  previous  experiments.  Frequent 
repacement  of  the  lamp  bulbs  prevented  and  accidental  failures  or  diminution  of 
the  light  intensity.  The  gerbils  had  free  access  to  water  and  Purina  rat  pellets. 
Necessary  feeding  and  maintenance  were  conducted  at  random  times  on  10-  to 
15-day  intervals.  A  Taylor  Thermograph  Recorder  (Model  No.  2350)  continuously 
monitored  the  room  temperature,  thermostatically  controlled  at  20  ±  2°C.  Over  the 
seasons,  there  was  no  systematic  change  in  temperature,  and  in  any  case  tempera¬ 
ture  has  little  entrainment  capabilities  for  homeotherms  (Bahnak  and  Kramm,  1979; 
Stewart  and  Reeder,  1968). 

Attached  to  the  running  wheel  of  each  cage  was  an  eccentric  cam  which 
activated  a  microswitch  coupled  to  an  Esterline  Angus  recorder  which  continuously 
registered  the  locomotor  activity  of  the  gerbils.  Analysis  of  the  19  months  of  data 
was  previously  described  (Natalini,  1972).  Briefly,  each  hour  of  the  day  was  assigned 
a  value  from  0  to  10  indicating  no  activity  (0%)  to  complete  activity  (100%).  Via  this 
method,  daily  and  monthly  means  of  activity  were  calculated  for  each  gerbil.  The 
experimental  animals  were  within  hearing  and/or  olfactory  distances  of  each  other, 
but  I  noted  no  such  mutual  entrainment  as  demonstrated  by  comparing  individual 
graphs  of  activity. 


RESULTS 

Figure  1  demonstrates  the  seasonal,  composite  rhythm  for  the  mean  monthly 
activity  for  the  six  gerbils.  There  are  distinct  peaks  (Hi  and  H2)  in  November  (1980) 
and  April  (1981)  respectively  with  a  trough  (Lx)  in  January  (1982).  Figure  2  is  a 
graphic  representation  of  the  maxima  and  minima  for  the  experimental  animals  and 
the  composite  (c)  for  all  six  animals.  A  student  s  t  test  was  used  to  measure  the 
selective  points  of  interest  for  statistical  significance.  The  maxima  were  significantly 
(P  much  less  than  0.001)  greater  than  the  minima  for  all  gerbils  except  animal  4. 
(The  error  bars  are  X  ±  SEM.)  Since  the  highs  and  low  of  Animal  4  are  only 
significant  to  the  0.01  level,  I  reject  the  animal  as  having  a  true  seasonal  rhythm 
seeing  that  the  remaining  animals  had  a  much  greater  significance  between  points. 
Every  organism  has  its  own  genetic  history.  This  can  be  demonstrated  in  the  range 
of  activity  from  the  maximum  to  the  minimum  for  each  gerbil  which  varied  from 
29%  to  74%  of  the  maximum.  Thus,  a  common  analytical  method  in  periodic  studies 
is  for  an  experimental  animal  to  act  as  its  own  control.  Figure  2  illustrates  statistical 
significance  in  the  comparison  of  the  high(s)  and  low(s)  for  each  animal  except 
animal  4.  Also,  Figure  2  illustrates  genetic  individually  between  animals  by  noting 
the  difference  in  magnitude  of  the  peaks  and  troughs  among  the  experimental 
animals. 
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The  null  hypothesis  would  assert  that  there  is  no  difference  between  any 
monthly  mean  of  activity.  Values  falling  between  the  maxima  and  minima  were  not 
statistically  significant  with  each  other  nor  the  selected  point(s)  of  interest.  Only  the 
highs  and  lows  were  significant  to  the  0.001  level.  The  statistical  description 
reinforces  the  strong  visual  impression  of  Figure  1. 


DISCUSSION 

Locomotor  activity  experiments  are  used  widely  to  study  one  of  the  “hands-of- 
the-clock”.  Wheel  running  results  possibly  exclude  less  periodic  events  such  as 
grooming  and/or  drinking.  They  have  proven  to  be  clear  in  measurement,  accurate 
in  results,  demonstrable  in  pacemaker  properties,  and  continuous  in  duration  which 
contrasts  to  once  in  a  life  time  events  like  hatching  or  pupation  studies.  Such 
activity  chambers  can  be  supplied  easily  with  food  and  water  so  that  a  minimum  of 
disturbances  is  necessary  which  affect  phasing  properties  of  the  overt  rhythm. 

Using  such  wheel  running  activity  chambers,  I  have  demonstrated  distinct, 
free-running,  seasonal  cycles  which  are  obvious  through  visual  inspection  alone. 
Statistically  significant  peaks  were  recorded  in  November  (1980)  and  April  (1981) 
with  a  trough  approximately  a  year  later  in  January  (1982).  Because  the  experiment 
did  not  continue  to  allow  completion  of  the  second  half  of  the  cycle,  the  indicated 
rhythms  can  not  be  called  true  circannual  periods  (Gwinner,  1981a).  Since  true 
circannual  periods  were  observed  from  my  previous  studies  using  the  same  species 
(Natalini,  1978),  I  have  no  doubt  that  they  represent  the  result  of  a  circannual 
pacemaker. 

Circannual  rhythms,  which  persist  in  the  constancy  of  the  laboratory  environment, 
have  properties  similar  to  circadian  rhythms.  Some  of  these  properties  include 
periods  close  to  12  months,  temperature  compensation,  synchronization  by  the 
photoperiod,  genetic  individuality,  ranges  of  entrainment,  and  the  appearance  of 
transients  before  reaching  steady-state  conditions  (Gwinner,  1981a;  Gwinner,  1981b). 
Very  few  reports  exist  for  circannual  rhythms  which  clearly  indicate  the  photoperiod 
to  be  an  effective  environmental  Zeitgeber.  Synchronization  by  the  LD  cycle  has 
been  demonstrated  for  reproductive  readiness  in  birds  (Gwinner,  1977),  antler 
development  in  deer  (Goss,  1977),  and  diapause  in  insects  (Blake,  1963). 

The  light/dark  cycle  (photoperiod)  is  essential  for  the  process  of  photoperiod- 
ism  such  that  organisms  measure  the  length  of  the  light  (or  dark)  in  order  to  make 
some  physiological  modification  in  their  life  cycle.  Various  hypotheses  exist  which 
attempt  to  explain  the  mechanism(s)  for  the  photoperiodic  phenomenon.  An 
original  model  was  proposed  by  Buning  (1969)  which  entails  the  LD  cycle  in 
entraining  a  circadian  rhythm;  and  if  the  length  of  the  light  portion  exceeds  a 
particular  amount,  light  will  fall  on  a  photosensitive  phase  inducing  some  seasonal 
event.  Later,  the  Bunning  hypothesis  was  called  the  “external  coincidence”  model 
by  Pittendrigh  (1972).  Also,  Pittendrigh  (1972)  introduced  a  second  model  entitled 
“internal  coincidence”  where  the  LD  cycle  entrains  various  oscillators  such  that  the 
phase  relationship  between  them  brings  about  the  seasonal  response.  The  above 
theories  involve  circadian  pacemakers.  One  which  does  not  involve  circadian 
pacemakers  has  been  proposed  by  Lees  (1966)  described  as  an  “hour-glass”  model 
where  the  actual  length  of  the  light  (or  dark)  portion  allows  the  synthesis  of  some 
product  so  that  if  enough  product  is  accumulated  the  photoperiodic  response 
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occurs;  thus,  no  circadian  rhythm  is  involved.  Aschoff  (1981b)  and  Follett  and 
Follett  (1981)  have  edited  recent  reviews  encompassing  photoperiodism. 

Confusion  may  exist  between  true  circannual  rhythms  and  photoperiodic 
phenomena  since  many  photoperiodic  phenomena  occur  annually.  Only  a  few 
photoperiodic  processes  have  been  reported  to  occur  with  a  true  circannual 
frequency  in  the  consistency  of  the  laboratory  conditions.  Circannual  rhythms  may 
be  expressed  indepdently  of  the  LD  cycle.  Photoperiodism  indicates  that  there  is  a 
critical  length  of  the  light  (or  dark)  span  which  can  induce  the  photoperiodic 
response  at  any  time  of  the  year  if  proper  laboratory  conditions  exist. 

The  location  of  the  circadian  and  especially  the  circannual  pacemaker  is  still 
uncertain.  The  supra-oesophageal  ganglion  (Page,  1981)  or  the  optic  lobes  (Page, 
1982)  in  insects,  the  eyes  of  molluscs  (Block  and  Wallace,  1982),  the  pineal  organ  in 
birds  (Menaker  et  al.,  1981),  and  the  suprachiasmatic  nuclei  in  mammals  (Menaker 
and  Binkley,  1981;  Turek,  1981)  appear  to  be  excellent  prospects  for  the  location  of 
the  circadian  pacemaker.  In  addition  Gwinner  (1981a;  1981b)  has  proposed  that  the 
interaction  of  multiple  circadian  pacemakers  can  result  in  circannual  rhythms  by  the 
process  of  frequency  demultiplication  or  via  a  process  of  external/internal  coinci¬ 
dence  similar  to  photoperiodism,  thus  negating  the  existence  of  circannual  pacemakers. 
For  alternate  models  of  biological  clocks  see  Brown  (1972,  1978). 

Circannual  and  other  long  term  rhythms  have  been  reported  for  the  various 
behaviors  of  man  (Rubin,  1979;  Herbert,  1982).  Their  significance  in  animals  for  the 
preparation  of  breeding  readiness  and  adverse  environmental  conditions  is  commonly 
known.  Today,  LD  cycles  are  being  utilized  to  increase  the  efficiency  of  milk,  eggs 
and  meat  production  of  many  domesticated  animals  (Tucker  and  Ringer,  1982). 
Further  research  is  required  to  determine  additional  relationships  between  LD 
cycles  and  circannual  or  photoperiodic  phenomena.  The  present  study  is  a  continua¬ 
tion  of  investigations  of  the  effect  of  LD  cycles  on  long  term  activity  rhythms  of  the 
Mongolian  gerbil  in  search  of  the  Zeitgeber  of  such  rhythms.  Finally,  I  would  like  to 
point  out  that  evidence  clearly  indicates  the  existence  of  long  term  cycles;  and  thus, 
since  the  physiology  of  animals  varies  from  month  to  month,  experiments  performed 
without  regard  to  this  fact  are  likely  to  be  questionable. 
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Figure  1.  Summated  curve  for  six  gerbils.  Each  reference  point  is  the  monthly  mean  with  X 
High  One  (Hj),  High  Two  (H2),  and  Low  One  (Lx). 
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Figure  2.  ±  one  standard  error  of  the  mean  X  ±  SEM  for  the  Highs  and  Lows  of  each  experimental  animal 
(acting  as  its  own  control).  Probability  was  determined  by  a  student’s  t  test  indicating 
significance  at  the  level  much  less  than  0.0001.  C  =  composite  of  all  six  experimental  animals. 
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ABSTRACT 

Dirofilaria  immitis  was  found  in  the  hearts  of  3  (1.1%)  of  267  gray  foxes 
(Urocyon  cinere  oar  gent  eus )  from  Union,  Williamson,  and  Jackson  counties,  south¬ 
ern  Illinois.  Two  (1.4%)  of  143  males  and  1  (0.8%)  of  124  females  were  infected. 
Parasitic  burdens  ranged  from  2  to  8  worms  per  infection  with  worms  being  much 
smaller  than  those  found  in  domestic  dogs  in  these  areas.  None  of  the  females 
contained  either  developing  embryos  or  microfilaria.  The  low  prevalence  of  infec¬ 
tion  in  gray  foxes  suggests  that  this  carnivore  is  probably  an  incidental  host  and  does 
not  represent  a  serious  threat  as  a  source  of  D.  immitis  for  dogs  in  southern  Illinois. 

INTRODUCTION 

Although  Dirofilaria  immits  (Leidy  1856)  has  been  reported  from  several  wild 
carnivores  and  other  mammals  in  the  contiguous  United  States,  few  positive 
infections  have  been  recorded  for  gray  foxes  (Urocyon  cinereoargenteus ).  Erickson 
(1944)  found  no  evidence  of  canine  heartworms  in  26  gray  foxes  fromMinnesota. 
Likewise,  Walton  et  al.  (1963)  found  the  blood  of  48  gray  foxes  from  Georgia 
negative  for  microfilariae  and  Schlotthauer  (1964)  reported  negative  infections  in 
the  hearts  of  9  gray  foxes  from  Minnesota.  Miller  and  Harkema  (1968)  recorded  1  of 
15  gray  foxes  from  North  Carolina  and  1  of  2  from  South  Carolina  infected;  but, 
none  of  7  they  examined  from  Georgia  were  infected.  Monson  et.  al.  (1973)  found 
no  evidence  of  heartworms  in  179  gray  foxes  from  New  York;  however,  they  noted  a 
single  positive  infection  subsequent  to  their  initial  study.  Stone  (1974)  observed 
adults  in  the  heart  and  microfilaria  in  the  blood  of  a  female  gray  fox  from  New  York. 
Of  20  gray  foxes  from  Louisiana,  Crowell  et  al.  (1977)  recovered  microfilaria  in  the 
blood  of  one  and  adults  in  the  heart  of  another.  Kazacos  (1977)  recorded  a  single 
male  specimen  of  D.  immitis  in  the  heart  of  1  of  4  gray  foxes  from  Indiana.  Later, 
(1978)  Kazacos  and  Edberg  (1979)  reported  3  of  81  gray  foxes  from  Indiana  infected. 
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Stuht  (1978)  recovered  a  single  heartworm  in  the  pulmonary  artery  and  right 
ventricle  of  a  gray  fox  from  Michigan.  Simmons  et  al.  (1980)  reported  heartworm 
infections  in  3  of  82  male  and  1  of  67  female  gray  foxes  from  Alabama  and  Georgia. 
Independent  of  their  initial  study,  they  also  reported  an  infected  gray  fox  from 
Mississippi  and  one  from  Alabama.  The  present  investigation  represents  the  results 
of  a  survey  of  gray  foxes  from  southern  Illinois  for  the  presence  of  the  adult  stage  of 
the  filariid  nematode. 


MATERIALS  AND  METHODS 

Two  hundred  and  sixty-seven  gray  foxes  were  either  trapped  or  shot  in  Union, 
Williamson  and  Jackson  counties,  southern  Illinois  between  January  and  November 
1962.  Subsequent  to  the  removal  of  the  heart  and  lungs,  the  atria,  ventricles,  and 
pulmonary  arteries  were  incised  and  examined  for  D.  immitis.  The  lungs  were 
likewise  incised,  washed,  and  the  filtered  sediment  examined  with  a  dissecting 
microscope.  Specimens  of  D.  immitis  were  counted,  measured,  and  the  female 
worms  examined  for  developing  embroys  and  microfilariae.  The  blood,  however, 
was  not  examined. 


RESULTS 

Of  the  267  foxes  studied,  specimens  of  D.  immitis  were  recovered  from  the 
right  ventricle  of  3  (1.1%).  This  included  2  (1.4%)  of  143  males  and  1  (0.8%)  of  124 
females.  Parasitic  burdens  ranged  from  2  to  8  worms  per  infection  with  worms 
being  much  smaller  than  those  recovered  from  domestic  dogs  in  these  counties. 
None  of  the  female  worms  contained  either  developing/  embryos  or  microfilariae. 

DISCUSSION 

The  low  prevalence  of  infection  in  gray  foxes  suggests  that  this  carnivore  is 
probably  an  incidental  host  and  does  not  represent  a  serious  threat  as  a  source  of  D . 
immitis  for  dogs  in  southern  Illinois.  However,  further  studies  are  warrented  to 
up-date  this  data  and  to  determine  whether  gray  foxes  have  a  role  in  the  epizootiology 
of  D.  immitis  infections  in  this  area.  To  our  knowledge,  the  viability  of  this  filariid 
nematode  in  gray  foxes  has  not  been  tested.  In  concurrence  with  Walton  et  al 
(1963),  Franson  et  al  (1976),  Crowell  et  al  (1977),  and  Hubert  et  al  (1980), 
experimental  cross-transmission  of  D.  immitis  between  wild  carnivors  and  dogs  is 
warrented  to  ascertain  the  possibility  of  the  former  in  serving  as  suitable  reservoir 
hosts. 
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ABSTRACT 

Six  species  of  rotifers  were  identified  from  the  plankton  and  among  clumps  of 
filamentous  algae  in  16  acid  (pH  2.40-3.20)  strip-mine  lakes  in  southern  Illinois. 
Algal  clumps  occurred  only  in  the  seven  least  acid  lakes  (pH  2.75-3.20).  Only  two 
species  of  rotifers  were  widespread:  Brachionus  urceolaris  Midler)  in  the  plankton 
of  the  11  least  acid  lakes  (pH  2.62-3.20)  and  Cephalodella  hoodi  (Gosse)  in  the 
plankton  of  10  lakes  (pH  2.40-2.82)  and  among  algal  clumps  in  the  remaining  6 
lakes. 


INTRODUCTION 

Lakes  form  between  spoil  piles  and  in  box  cuts  in  ungraded  strip-mined  land, 
and  these  lakes  may  be  highly  acid  if  the  overburden  contains  pyrite,  as  pyrite 
produces  sulfuric  acid  when  oxidized  (Campbell  and  Lind,  1969).  In  Illinois,  as  of 
1971,  6.1  percent  of  5764  ha  of  strip-mine  waters  had  a  pH  of  4.5  or  less  (Haynes 
and  Klimstra,  1975).  Such  harsh  environments  typically  have  fewer  habitats  and 
fewer  species  than  more  favorable  environments  (Thienemann,  1954).  Investiga¬ 
tions  of  the  plankton  in  acid  strip-mine  lakes  have  consistently  shown  a  small 
number  of  species,  with  the  microcrustacea  sometimes  absent  and  only  rotifers 
remaining  (Bookhout  et  ah,  1968;  Crawford,  1942;  Dinsmore,  1958;  Gash,  1968; 
Heaton,  1951;  Ohle,  1936;  Riley,  I960;  Schramm,  1973;  Smith  and  Frey,  1971;  and 
Stockinger  and  Hays,  1960).  The  rotifer  Brachionus  urceolaris  is  the  most  consistently 
occurring  species  in  these  acid  lakes.  It  was  the  only  species  found  in  the  lake  in 
southern  Illinois  studied  by  Schramm  (1973).  We  hypothesized  that  all  acid  strip- 
mine  lakes  in  this  area  would  have  a  plankton  comprised  only  of  B.  urceolaris . 
Therefore  we  selected  16  acid  (pH  <  4)  lakes  and  sampled  the  plankton  qualitatively. 
We  also  sampled  clumps  of  filamentous  algae  as  possible  habitats  containing  other 
species  of  rotifers. 
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DESCRIPTION  OF  THE  STUDY  AREA 

Thirteen  of  the  16  bodies  of  water  investigated  are  located  in  the  NW  lA, 
Section  7,  T.  7S.,  R.  1  W.,  of  Jackson  County,  Illinois.  Strip  mining  began  in  this 
area  in  1944  and  ended  in  1952.  The  only  attempt  to  reclaim  the  land  was  the  aerial 
seeding  of  brome  grass  ( Bromus  sp.).  The  area  is  characterized  by  many  more  or 
less  parallel  mounds  of  spoil,  some  as  high  as  23  m.  The  lakes  sampled  are  small, 
less  than  5,000  square  meters  in  area  and  at  most  only  a  few  meters  deep.  The  area 
of  the  watersheds  covered  by  vegetation  varied  from  about  10  percent  to  almost  100 
percent.  The  vegetation  consisted  of  brome  grass,  blackberry  bushes  (Rulms  sp.), 
cottonwood  (Populus  deltoides)  and  sumac  ( Rhus  sp.).  The  common  cattail,  Typha 
latifolia,  grew  emergently  in  all  the  lakes.  No  submersed  or  floating-leaved  macrophytes 
were  observed.  Color  of  the  lakes  varied  from  blue-green  to  brick  red.  In  the 
blue-green  lakes  land  vegetation  grew  to  the  water  s  edge  but  in  the  red  lakes  the 
terrestrial  vegetation  submersed  at  high  water  was  dead. 

Of  the  remaining  three  lakes,  Lake  F  is  located  3.5  km  north  and  1.2  km  west 
of  the  above-described  area,  between  sections  25  and  36,  T.  7S.,  R.  2W,  and  Lakes 
I  and  P  are  about  20  km  to  the  east  near  Cambria  in  Williamson  County.  Lake  I  is 
in  the  EVfe,  SEV4,  SEV4,  sec.  31,  T.  8  S.,  R.  1  E,  and  Lake  P  is  directly  south, 
across  the  road  running  between  them.  These  lakes  and  their  watersheds  are 
similar  to  the  other  lakes.  Lakes  I  and  P  were  studied  by  Humphrey  (1970). 

METHODS  AND  MATERIALS 

Each  lake  was  sampled  one  to  four  times  between  January  and  May.  Water 
samples  for  chemical  analysis  were  taken  by  dipping  out  a  250-ml  polyethylene 
bottle.  PH  was  measured  with  a  Beckman  eleetromate  meter,  conductivity  with  an 
Industrial  Instruments  conductivity  bridge,  total  iron,  sulfate,  and  orthophosphate 
with  a  Hach  Chemical  Analysis  kit.  Total  acidity  was  measured  by  the  Midwestern 
Laboratory  of  the  Consolidated  Coal  company,  using  hot  titration  to  an  end  point  of 
8.3. 

Plankton  was  collected  by  taking  at  least  12  tows  (standing  on  shore  or  in 
shallow  water)  with  a  No.  20  net  (75  |xm  aperture  size)  having  an  opening  24  cm  in 
diameter.  About  one  cubic  meter  of  water  was  strained  through  the  net.  Each 
sample  was  concentrated  to  15  ml  with  a  Foerst  continuous  centrifuge.  Three 
Sedgwick-Rafter  cells  were  then  searched  thoroughly.  Rotifers  were  wet-mounted 
for  identification  to  species.  Clumps  of  filamentous  algae  were  placed  near  a 
window,  left  for  several  hours,  and  then  the  top  few  milliliters  of  water  were  drawn 
off  for  examination.  Algal  filaments  were  also  mounted  and  examined. 

Harring  and  Myers  (1924,  1926),  Ahlstrom  (1940),  and  Wulfert  (1938)  were 
used  to  identify  rotifers,  Kudo  (1966)  and  Jahn  (1948)  to  identify  protozoa,  and 
Pennak  (1953)  and  Edmondson  (1959)  to  identify  other  invertebrates. 

RESULTS 

The  results  of  the  chemical  analyses  are  presented  in  Table  1.  The  pH  varied 
from  2.40  to  3.20,  a  relatively  narrow  range  of  0.80  pH  units.  The  lakes  were 
lettered  alphabetically  according  to  pH.  Red  color  and  higher  values  of  iron,  acidity, 
and  phosphate  were  found  in  the  lakes  with  lower  pH  values.  Sulfate  and  conductivity 
were  high,  but  variations  among  lakes  did  not  correlate  with  pH. 
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Clumps  of  filamentous  algae  were  seen  only  in  lakes  L  through  P;  i.e.,  at  pH’s 
of  2.97  to  3.20,  although  in  Lake  F  encrusting  epipelie  algae  provided  an  essentially 
similar  habitat  as  the  algal  clumps.  Some  algal  filaments  were  found  in  lakes  B,  C, 
and  D,  but  they  were  not  in  clumps.  The  algae  forming  the  clumps  were  Ulothrix, 
Mougeotia,  and  Cladophora . 

Six  species  of  rotifers  were  collected,  but  only  two  were  wide-spread:  Brachionus 
urceolaris  and  Cephalodella  hoodi  (Table  2).  B.  urceolaris  occurred  in  11  lakes,  all 
of  which  had  a  pH  of  2.62  or  more.  This  species  was  invariably  planktonic.  C.  hoodi 
occurred  in  all  16  lakes  and  occupied  both  the  planktonic  habitat  (9  lakes)  and  the 
algal  clump  habitat  (7  lakes,  including  Lake  F  with  epipelie  algae);  it  was  never 
present  in  both  habitats  in  the  same  lake.  In  three  of  the  lakes  in  which  it  was 
planktonic,  algal  clumps  were  present. 

The  remaining  four  species  of  rotifers  were  generally  found  associated  with 
algal  clumps,  although  C.  gibba  was  common  in  the  plankton  of  Lake  K,  co¬ 
occurring  with  C.  hoodi  and  B.  urceolaris.  Lake  K  was  the  only  lake  to  have 
substantial  populations  of  more  than  one  species  of  rotifer  existing  in  the  plankton 
at  the  same  time;  in  lakes  G  and  H  the  two  principal  species  were  found,  but  at 
different  times,  and  in  Lake  I  the  populations  of  the  two  Cephalodella  species  were 
sparse. 

A  ciliate  protozoan,  Chilodotiella  caudata  (Stokes),  was  found  in  the  plankton 
of  Lake  D  and  among  the  algal  clumps  of  Lake  L.  Seven  other  genera  of  protozoa 
were  found,  but  only  among  algal  clumps  and  only  in  one  or  two  lakes:  Amoeba  (O), 
Actinophrys  (M,  P),  Euplotes  (L),  Oxytricha  (L  and  M),  Stylonychia  (O),  Uroleptus 
(L),  and  Vorticella  (N,  O).  A  gastrotrich,  Chaetonotus,  was  abundant  among  the  algal 
clumps  of  lakes  M  and  N. 


DISCUSSION 

The  majority  of  rotifers  are  associated  with  a  substrate  (Ruttner-Kolisko,  1972) 
and  that  substrate  is  frequently  submersed  macrophytes.  Acid  strip-mine  lakes 
usually  lack  submersed  macrophytes  (Bell,  1956)  but  clumps  of  filamentous  algae 
offer  a  similar  habitat.  It  seems  that  formation  of  clumps  is  correlated  with  the  pH, 
and  does  not  occur  below  a  pH  of  about  2.6.  We  cannot  think  of  a  reason  for  this. 

The  total  number  of  rotifer  species  in  these  acid  lakes  is  low  compared  to 
circumneutral  lakes,  and  compares  with  the  number  found  in  other  acid  strip-mine 
lakes;  e.g..  Smith  and  Frey  (1971)  found  three  species  in  their  most  acid  lake  (pH 
2. 5-3. 2),  five  species  in  the  next  most  acid  lake  (pH  3. 0-3. 4),  and  up  to  15  species  in 
the  lakes  having  a  higher  pH.  Both  acid  lakes  contained  Brachionus  urceolaris,  as 
well  as  an  unidentified  species  of  Monostyla .  In  our  lakes  Monostyla  bulla  was 
common  in  only  two  lakes  with  a  pH  of  3.00  and  3.20,  and  it  was  found  only  among 
the  algal  clumps.  The  other  species  found  in  the  lakes  studied  by  Smith  and  Frey 
(1971)  were  different  than  the  ones  we  found.  Indeed,  the  only  report  of  Cephalodella 
is  from  one  acid  (pH  3.2  to  4.5)  pond  in  Ohio  (Bookhout  et  ah,  1968).  Ruttner- 
Kolisko  (1972)  points  out  that  this  is  a  littoral  genus,  with  individuals  occurring  in 
the  plankton  only  as  strays.  Our  identifications  of  the  two  species  must  be  regarded 
as  provisional  in  view  of  the  pressing  need  of  a  taxonomic  version  of  this  genus 
(Ruttner-Kolisko,  1972). 

More  intensive  studies,  lasting  an  entire  year,  would  be  desirable.  PH  and 
other  chemical  characteristics  vary  during  the  year  (e.g.,  Schramm,  1973;  Smith 
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and  Frey,  1971),  as  do  the  population  densities  of  rotifers.  Schramm  (1973)  reported 
that  B.  urceolaris  varied  from  4  to  4,000  individuals  per  liter  in  Bradley  s  Acid  Pit 
during  the  year.  In  ponds  G  and  H  the  presence  of  C .  hoodi  early  in  the  year  and  of 
B.  urceolaris  later  also  illustrates  seasonal  change. 

Lake  K  is  a  puzzle  because  of  the  co-occurrence  in  the  plankton  in  substantial 
numbers  of  three  species.  Moreover  algal  clumps  in  that  lake  did  not  have  any 
rotifers  associated  with  them.  We  cannot  think  of  any  reasonable  explanations  for 
these  observations. 

This  study  has  shown  that  acid  strip-mine  lakes  have  a  simplified  ecosystem 
that  provides  opportunities  for  studies  of  tolerance  limits  and  choice  of  habitat  that 
are  not  feasible  in  other  lakes. 
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Table  1.  Chemical  data  from  16  acid  strip-mine  lakes. 
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INTRODUCTION 

The  adult  mammal  including  man  tends  to  develop  more  size  in  its  organ 
systems  than  it  needs  for  normal  function.  The  amount  of  tissue  that  might  be 
considered  as  “spare’  represents  an  anatomic  reserve.  The  reserve  is  called  upon 
during  the  increased  use  of  an  organ  and  it  helps  to  explain  the  functional 
tolerances  that  exist.  An  example  may  be  drawn  from  the  normal-sized  but 
well-developed  heart  where  a  physically  fit  individual  may  increase  his  resting  left 
ventricular  cardiac  output  of  about  5400  ml  per  minute  at  rest  to  perhaps  seven 
times  that  amount  in  heavy  exercise.  Another  striking  example  is  the  deviation  that 
is  claimed  to  occur  from  an  expected  98.6°F  oral  temperature  in  a  resting  normal 
person  to  41°F  in  a  person  with  artificially  controlled  hypothermia  (Scope  Weekly, 
1959)  to  116. 7°F  in  an  individual  with  tremendously  high  fever  (Southern  Illinoisan, 
1980),  with  survival  in  both  instances. 

The  concept  of  a  margin  of  safety  is  seen  to  hold  true  not  only  for  tissue  mass, 
but  also  for  functional  processes,  all  expressed  as  tolerances.  No  correlation  seems 
to  have  been  determined  among  the  reserves  of  the  various  organs  of  the  body. 

The  diverse  bodily  reserves  bring  into  sharp  focus  the  plasticity  of  the 
organism.  This  has  a  relevant  bearing  on  the  factors  that  favor  organic  evolution.  A 
question  may  be  raised  as  to  whether  the  reserves  or  plasticity  of  cold-blooded 
vertebrates  are  as  extensive  as  those  of  the  homoiotherms.  The  evidence  points 
toward  an  evolving  plasticity.  A  frog  has  a  more  restrictive  range  of  temperature 
than  does  a  bird  or  mammal  and  this  lesser  adaptive  capacity  makes  the  frog  a 
relative  prisoner  of  its  environment.  Man  is  a  more  global  organism. 

The  margins  of  safety  appear  to  indicate  not  only  the  capacity  for  adaptation, 
but  also  the  range  of  adaptation  for  any  given  process.  Since  an  organism  depreci¬ 
ates  its  reserve  during  an  activity,  adaptation  is  in  sense  imperfect  and,  if  without 
warning  signs,  can  end  in  disaster. 
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In  the  present  account,  only  one  class  of  organisms  is  under  consideration,  man 
being  the  focus  of  attention.  Emphasis  is  placed  on  the  fortunate  occurrence  of 
plasticity  following  impairment  or  loss  in  an  organ  system.  The  tolerances  of  the 
nervous  system  are  an  interesting  area  to  consider.  The  present  discussion  considers 
only  the  central  nervous  system  and  the  brain  in  particular.  It  must  be  emphasized 
that  the  cases  presented  herein  represent  extraordinary  situations  which  serve  only 
to  illustrate  the  purposes  of  this  presentation. 

THE  CENTRAL  NERVOUS  SYSTEM:  BRAIN 

The  Cerebrum 

Historically,  perhaps  the  earliest  clinical  record  of  how  much  structural  loss  the 
brain  can  suffer  without  severe  consequences  was  that  of  Phineas  Gage.  Harlow 
(1868)  described  the  case  history.  As  a  result  of  an  explosion,  a  crowbar  passed 
through  both  of  Gage’s  frontal  lobes,  destroying  them.  The  patient  showed  no 
marked  signs  of  illness  and  recovered  with  only  persistent  personality  changes. 

This  case  is  not  without  parallel  in  recent  times.  Sachs  (1959)  discussed  the 
progress  of  a  15-year-old  boy  who  fell  on  the  spiked  end  of  a  ski  pole.  The  pole  was 
thrust  through  the  right  antrum  and  across  the  midline,  injuring  both  right  and  left 
frontal  lobes.  The  patient  recovered  and  by  the  17th  postoperative  day  he  had  only 
a  slight  diplopia.  Intellectually  and  emotionally  he  appeared  normal  thereafter  to  all 
observers. 

A  medical  paper  from  Nigeria  (Ohaegbulam  and  Ojukwu,  1980)  described  an 
unexpected  lack  of  severe  craniocerebral  symptoms  following  the  practice  of  ‘  nail¬ 
ing.’  A  48-year-old  female  was  punished  for  stealing  by  driving  a  10  cm  nail  into  her 
head.  Examination  revealed  the  head  of  the  nail  in  the  midline  of  the  parietal  area. 
The  patient  claimed  that  the  nailing  was  relatively  painless  and  that  she  never  lost 
consciousness.  Physicians  described  her  as  alert  and  well-oriented.  A  week  after 
extraction  of  the  nail  she  became  disoriented,  but  she  responded  to  seven  days  of 
psychiatric  treatment  and  was  discharged. 

A  20-year-old  male  was  caught  stealing  and  had  a  nail  driven  into  his  parietal 
skull.  He  experienced  no  loss  of  consciousness  and  claimed  that  the  assault  was  not 
painful.  The  patient  was  discharged  one  week  after  removing  the  nail  and  was 
symptom-free  when  observed  three  months  later. 

Experimentally,  the  cerbral  cortex  in  part  or  totally  has  often  been  removed  in 
animals.  Goltz  in  1881  (quoted  by  Houssay,  1955,  pp.  1035-1036)  found  that  dogs 
can  survive  up  to  18  months  after  removal  of  the  entire  cerebral  cortex.  There  are 
profound  changes.  The  dogs  lack  normal  phasic  and  postural  reflexes.  They  do  not 
walk.  Sham  rage  occurs.  There  are  no  marked  changes  in  visceral  functions. 
Persons  or  objects  are  not  recognized,  memory  being  lost,  and  there  is  no  capacity 
to  learn. 

Considerably  more  capability  has  been  reported  for  cats  whose  cerebral  cortex 
had  been  removed,  but  whose  thalami  and  basal  ganglia  were  left  intact  (Guyton, 
1976,  p.  708).  The  cats  were  said  to  be  capable  of  almost  any  type  of  motion,  and 
could  avoid  obstacles.  They  lost  purposefulness  of  locomotion  and  sat  very  quietly 
for  hours. 

Houssay  (1955,  p.  1036)  cited  human  cases  of  dysgenesis  in  which  much  of  the 
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cerebral  cortex  was  missing  at  birth.  In  general,  a  primate  does  not  survive  long 
with  a  total  failure  of  cortical  development.  Houssay  noted  that  decorticate  children 
have  been  kept  alive.  Hayashi  and  his  coworkers  (1979)  discussed  human  children 
with  failure  of  development  of  the  entire  forebrain  (holoprosencephaly).  They  stated 
that  radiologic  examination  is  essential  to  determine  the  extent  of  the  dysgenesis. 
One  of  their  patients,  an  eight-month-old  girl,  had  no  cerebral  hemispheres.  She 
had  been  admitted  to  the  hospital  at  three  months  of  age  because  of  continual  fever 
and  she  lived  until  age  eight.  The  symptomatology  of  three  patients  listed  in 
Hayashi’s  paper  is  only  vaguely  described. 

Hemispherectomy 

The  term  hemispherectomy  usually  means  the  removal  of  one  entire  cerebral 
hemisphere,  but  it  has  been  used  variably  to  describe  partial  hemidecortication. 
There  may  be  defects  of  different  severity  in  the  embryological  development  of  a 
hemisphere.  Cole  and  Zollinger  (1970,  p.  613)  discussed  such  dysgenesis  in  cases 
where  the  capillaries  were  defective,  producing  an  ischemia  which  resulted  typical¬ 
ly  in  epilepsy.  They  removed  the  afiFected  tissues,  thereby  controlling  the  seizure, 
without  any  worsening  of  the  existing  weakness  and  often  with  improved  behavior 
of  the  patient. 

McKenzie  in  1938  (cited  by  Wilson,  1970)  was  the  first  to  perform  a  right 
hemidecortication  in  a  young  woman  with  spastic  hemiplegia.  The  hemiplegia  was 
unchanged,  but  her  mental  alertness  and  general  health  improved.  Krynaw  in  1945 
in  Johannesburg  (Wilson,  1970)  pioneered  hemispherectomy  for  infantile  hemiplegia, 
stating  that  there  was  relief  of  epilepsy  and  improved  behavior.  Wilson  (1970) 
reviewed  50  cases  in  which  the  pallium  of  the  afiFected  hemisphere  was  removed, 
sparing  the  caudate  nucleus,  hippocampus  and  thalamus.  Epilepsy  was  abolished  or 
relieved  in  82%  of  the  cases.  Frank  behavioral  disorder  was  abolished  or  improved 
in  93%.  The  I.Q.  was  not  changed.  Followup,  however,  showed  a  high  general 
morbidity  in  38%  of  the  cases. 

Smith  and  Sugar  (1975)  removed  in  a  5V2-year-old  boy  the  entire  left  cerebral 
cortex  and  white  matter,  except  for  the  basal  ganglia.  The  patient  s  originally 
distorted  speech  returned  to  normal.  At  age  21,  15-1/2  years  later,  he  displayed 
normal  language  and  verbal  and  non-verbal  reasoning  capacity.  At  age  26,  he  was  a 
college  senior  and  a  part-time  industrial  executive.  His  I.Q.  was  126.  The  develop¬ 
ment  of  superior  language  and  intellectual  abilities  in  this  patient  after  left 
hemisphere  ablation  at  5  years  of  age  reveals  the  plasticity  of  the  remaining  (right) 
hemisphere.  It  had  the  potentiality  to  provide  normal  and  apparently  complete 
cerebral  function. 

Basser  (1962)  stated  that  there  is  no  lateralization  in  very  young  children. 
Before  age  10,  one  entire  hemisphere  can  be  removed  without  subsequent  aphasia. 
The  hemispheres  appear  to  be  equipotential,  but  after  10  years  children  upon 
surgical  operation  usually  suffer  permanent  defects. 

Fleischhacker  (1954)  claimed  that  hemispherectomy  lessens  or  “cures”  epilepsy, 
exerting  a  beneficial  effect  on  behavior  and  mental  development.  Of  five  patients, 
four  became  well-oriented  in  place  and  time.  None  showed  ataxia  or  dyscoordination 
although  hemianopsia  was  present. 
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Commissurotomy  (Split  Brain) 

Commissurotomy  refers  to  a  surgical  operation  in  which  the  two  hemispheres 
of  the  brain  are  separated,  in  part  or  totally.  The  literature  is  extensive. 

Gazzaniga  and  Sperry  (1967)  reported  on  the  condition  of  patients  following 
transection  of  the  corpus  callosum  plus  the  anterior  and  hippocampal  commissures 
and  separation  of  the  massa  intermedia.  Postsurgical  studies  indicated  a  striking 
independence  of  the  gnostic  activities  of  the  two  hemispheres.  Each  hemisphere 
retains  activities  which  are  cognitive,  perceptual,  mnemonic,  learned  and  volitional. 
These  proceed  independently  and  outside  the  realm  of  awareness  of  the  other 
hemisphere.  The  subjective  experience  of  each  hemisphere  is  known  to  the  other 
only  indirectly  through  lower  level  and  peripheral  effects. 

The  disruption  of  bilateral  integration  produces  remarkably  little  disturbance 
in  ordinary  daily  behavior,  temperament  or  intellect.  Functional  deficits  get  com¬ 
pensated  by  development  of  bilateral  motor  control  from  each  hemisphere  and  by 
bilaterality  of  the  sensory  projection  pathways.  There  appears  to  be  a  large  common 
denominator  of  similar  and  closely  related  background  activity  in  right  and  left 
hemispheres.  The  effects  of  sectioning  are  most  obvious  in  activities  involving 
language.  Linguistic  expression  appears  to  be  organized  almost  exclusively  in  the 
left  hemisphere.  The  left  hemisphere  also  processes  all  visual  functions  for  the  right 
half  of  the  visual  field  and  the  stereognostic  functions  for  the  right  hand. 

Comprehension  of  both  spoken  and  written  language  is  represented  in  the 
minor  as  well  as  in  the  major  hemisphere,  although  less  proficiently.  Writing  is 
organized  only  in  the  major  hemisphere.  Ordinarily,  the  right  hemisphere  is 
linguistic,  logical  and  propositional. 

Sperry  (1961)  stated  that  complete  section  of  the  corpus  callosum  in  man 
produces  no  clear-cut  functional  impairments.  Complete  division  of  forebrain 
commissures  to  alleviate  intractable  epilepsy  was  shown  by  Gordon  (1980)  to  be 
followed  by  no  major  deficits.  Overall,  each  hemisphere  can  function  in  many  ways 
on  its  own  and  the  results  of  surgery  tell  us  that  the  brain  under  duress  can  be 
greatly  reorganized. 


Individual  Regions  of  the  Cerebrum 

The  losses  described  vary  considerably  in  bilateral  as  contrasted  with  unilateral 
excisions. 

Frontal  Region 

Moniz  in  1935  performed  the  first  prefrontal  lobotomy,  for  anxiety  and  melancholia. 
Such  psychosurgery,”  to  relieve  certain  behavioral  disorders,  expanded  rapidly  in 
usage,  then  sharply  declined  after  1950  because  of  the  more  controllable  electric 
shock  therapy  and  subsequently  the  use  of  such  drugs  as  lithium,  phenothiazides 
and  others. 

Following  lobotomy,  intelligence  and  memory  do  not  appear  to  be  much 
affected,  but  the  patient  becomes  apathetic.  His  ‘personality  is  changed.  There  is 
very  little  disturbance  of  neurologic  function. 

Parietal  Region 

Wright  (1946,  p.  78)  summarized  failures  resulting  from  removal  of  the  parietal 
lobe  as  the  inability  to  note  differences  in  the  relative  intensity  of  stimuli,  the  loss 
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of  recognition  of  spatial  relationships,  and  the  loss  of  ability  to  note  differences  and 
similarities  of  external  objects  in  contact  with  the  body. 

Temporal  Lobe 

Resection  ol  the  temporal  lobe  includes  in  some  patients  the  major  portion  of 
the  hippocampus,  the  dorsolateral  part  of  the  amygdala,  the  parahippocampal 
gyrus,  the  uncus,  and  the  superficial  temporal  gyri.  The  temporal  lobe  has 
extensive  connections  with  other  regions  of  the  brain. 

Cole  and  Zollinger  (1970,  p.  633)  discussed  the  advantage  of  resection  of  the 
temporal  lobe  to  relieve  local  epileptogenic  foci  when  the  seizures  are  incapacitat¬ 
ing  and  refractory  to  drugs.  Walker  (1973)  discussed  the  surgical  management  of 
psychomotor  epilepsy  and  stated  that  in  his  experience  there  was  encouraging  relief 
and  little  overt  neurologic  impairment  of  the  patient.  Similar  conclusions  were 
reached  following  unilateral  temporal  lobectomy  in  25  patients  by  Cogen  et  al. 
(1979)  for  temporal  lobe  epilepsy;  seizures  were  controlled  and  there  was  improve¬ 
ment  in  sexual  libido  and  reproductive  capacity. 

Angular  Gyrus 

The  angular  gyrus  is  at  the  posterior  tip  of  the  lateral  fissure  where  the 
occipital,  parietal  and  temporal  lobes  meet.  There  is  evidence  that  it  is  a  master 
area  which  collects  sensory  impulses  from  individual  association  areas.  In  this 
sense,  it  appears  to  be  the  most  important  single  region  for  the  synthesis  of  thought 
(cerebration).  Following  severe  angular  gyrus  damage  a  person  hears  normally  and 
recognizes  words  distinctly,  but  he  cannot  arrange  the  words  into  coherent  thoughts 
(Guyton,  1976,  p.  746-747).  This  syndrome  is  termed  a  syntactical,  or  Wernicke  s 
aphasia.  An  adult  compensates  to  some  extent  by  developing  similar  capacities  in 
the  contralateral  temporal  lobe  and  angular  gyrus.  If  the  gyrus  is  spontaneously 
destroyed  unilaterally  in  a  child  under  six  years  of  age,  the  opposite  side  is  claimed 
to  develop  functionally  to  full  extent,  all  neurologic  capabilities  eventually  returning 
to  normal.  This  is  a  remarkable  margin  of  safety  for  an  area  so  complex  in  its 
integrative  activities. 

Cingular  Gyrus  (Gyrus  cinguli) 

This  area  is  dorsal  to  the  corpus  callosum.  It  is  part  of  the  limbic  system  which 
is  a  ring  of  cortex  that  surrounds  a  group  of  deep  structures  that  function  in 
behavior.  The  limbic  cortex  may  be  an  association  area  for  the  control  of  behavior. 

Bilateral  ablations  were  first  done  in  monkeys  by  Ward  (1948).  Fear  and 
aggression  no  longer  occurred  postoperatively. 

Livingston  (1951)  performed  bilateral  cingulectomies  in  human  patients,  claiming 
benefit  for  those  with  anxiety  states.  His  series  of  patients  were  severely  psychotic 
and  refractory  to  nonsurgical  therapy.  The  surgical  approach  was  made  by  suction 
ablation.  Tow  and  Armstrong  (1954)  reported  on  17  patients  in  whom  bilateral 
cingulectomy  was  followed  by  temporary  overall  improvement;  somatic  complica¬ 
tions  were  nonpersistent  epilepsy  and  urinary  incontinence. 

Occipital  Region 

Ferrier  in  1886  claimed  that  monkeys  with  extensive  occipital  lobectomies 
suffered  no  appreciable  impairment  of  vision.  Weiskrantz  (1972)  reviewed  the 
literature  and  confirmed  Ferrier’s  statements  about  primates.  One  explanation  is 
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that  other  cerebral  areas  compensate;  the  probability  also  exists  that  some  visual 
cortical  nuclei  were  not  excised  during  the  lobectomies. 

Petty  (1973)  describd  the  clinical  progress  of  a  24-year-old  male  who  had  an 
occipital  knife  wound  by  penetration  through  the  foramen  magnum.  The  patient 
remained  conscious,  oriented  and  had  no  abnormal  neurologic  signs.  He  was  free  of 
any  signs  or  symptoms  one  month  later. 

Walther  (1952)  discussed  the  case  history  of  a  33-year-old  male  in  whom  15 
years  previously  the  left  occipital  lobe  and  a  part  of  the  parietal  lobe  had  been 
surgically  removed  because  of  an  oligodendroglioma.  The  patient  showed  a  well- 
integrated  personality  and  only  some  quantitative  reduction  in  mental  performance. 
The  slight  impairment  was  in  memory  and  comprehension.  The  writer  was  sur¬ 
prised  not  by  the  slight  impairments,  but  rather  by  the  absence  of  greater 
disturbances.  The  results  confirm  the  views  that  the  right  half  of  the  brain  can 
adequately  compensate  for  the  left  half. 

Amygdala 

The  amygdala  is  a  complex  of  nuclei  found  just  below  the  medial  surface  of  the 
cerebral  cortex  in  the  pole  of  each  temporal  lobe. 

Stereotactic  surgery  on  human  patients  involving  bilateral  amygdalotomy  for 
bilateral  temporal  lobe  seizures  was  stated  to  eliminate  the  seizures  without  any 
incapacitating  permanent  complications  (Andy  et  al.,  1975). 

Corpus  Callosum  and  Anterior  Commissure 

These  white  structures  connect  the  two  cerebral  hemispheres  and  thus  are  the 
anatomic  links  between  hemispheric  correlated  activities.  Guyton  (1976,  pp.  756, 
757)  cited  the  instance  of  a  person  born  without  these  structures.  The  patient  could 
perform  most  functions  that  are  thought  to  be  interassociated  by  the  commissures. 
Apparently,  other  structures  can  be  called  upon  to  correlate  the  processes  that 
occur  between  the  right  and  left  brain. 

Chiarello  (1980)  emphasized  the  view  of  many  workers  that  agenesis  only  of  the 
corpus  callosum  produces  no  clearly  defined  neuropsychologic  syndrome.  The 
anterior  commissure  substitutes  as  one  of  the  compensatory  agencies.  Also,  each 
hemisphere  can  become  self-sufficient  by  independent  specialization  or  it  may 
develop  greater  than  normal  reliance  on  noncallosal  connections.  Chiarello  noted 
that  the  congenital  absence  of  the  corpus  callosum  results  in  fewer  disconnection 
symptoms  than  surgical  transection  does. 

Basal  Ganglia 

The  basal  ganglia  include  several  major  nuclei  (centers  of  neurologic  control) 
embedded  within  the  forebrain  and  the  midbrain.  They  are  especially  involved  in 
muscle  tone,  bodily  movements  and  posture.  Lesions  deliberately  created,  especially 
by  precise  stereotaxic  placement  of  electrodes  in  a  previously  affected  basal  ganglion 
region,  may  restore  a  balance  in  effector  motor  circuits,  e.g.,  in  Parkinson  s  disease 
and  other  syndromes  of  unbalanced  neural  circuitry.  Patients  whose  primary  signs 
are  hypertonia  or  tremor  without  secondary  muscle  and  joint  changes  may  expect 
alleviation  of  the  tremor  and  rigidity.  Surgery  can  be  performed  bilaterally,  in 
operations  staged  several  months  apart  (Cole  and  Zollinger,  1970,  p.  634). 
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Cerebellum 

The  cerebellum  forms  the  superoanterior  part  of  the  hindbrain  and  is  a  reflex 
center  between  afferent  proprioceptive  impulses  and  the  responsive  control  of  all 
qualities  involved  in  adaptive  muscle  responses. 

Much  of  the  available  data  on  the  cerebellum  indicate  that  up  to  one-half  of  the 
cerebellar  cortex  can  be  removed  before  marked  clinical  effects  occur.  The  patient 
can  perform  practically  normal  movements  if  he  does  them  very  slowly.  Associated 
centers  of  the  brain  play  a  part  in  this  enormous  power  of  compensation. 

Tolerance  for  Sleep  Deprivation 

The  lethal  limits  particularly  for  oxygen  lack  and  secondarily  for  controlled 
water  deprivation  are  well  defined,  but  those  for  sleep  lack  are  vague  and  many 
reports  are  anecdotal.  As  examples,  Rosenstein  (1957,  pp.  72,  229)  in  a  popular 
book  cited  the  case  of  a  patient  who  survived  4-Vz  years  of  supposed  sleep 
deprivation.  Rosenstein  described  another  case,  stating  that  it  was  known  by  Pavlov, 
where  an  artifically-fed  patient  “slept”  for  20  years  without  gross  physical  degeneration. 

Although  scattered  data  in  the  literature  suggest  that  wakefulness  may  extend 
only  up  to  about  50  hours,  a  news  item  in  Scope  Weekly  (1959)  asserted  that  a  New 
York  disc  jockey  set  a  record  of  staying  awake  201  hours  and  13  minutes. 

The  observations  on  sleep  deprivation  indicate  that  progressive  deterioration  is 
usually  expected,  including  delusions,  hallucinations  and  confusion  as  to  place,  time 
and  self. 


Coma 

Whereas  sleep  is  a  normal  form  of  “unconsciousness,”  coma  is  a  persisting, 
pathologic  form,  variable  in  its  duration.  The  Chicago  Daily  News  (158)  reported 
the  case  of  a  male  in  Chicago  with  Wilson  s  disease  who  spent  the  last  13  years  of 
his  34-year  life  in  a  coma.  The  same  newspaper  (1960)  reported  another  case,  in 
Moscow,  where  a  29-year-old  male,  following  an  explosion,  was  said  to  have  gone 
into  a  coma  and  was  revived  at  age  47.  The  Guinness  Book  of  Records  lists  the 
longest  record  of  unconsciousness  ever  recorded  as  being  that  of  a  female  who 
lapsed  into  a  coma  after  an  appendectomy  at  age  6  and  who  died  still  in  coma  at  age 
43  (quoted  from  the  Daily  Egyptian,  Southern  Illinois  University,  Nov.  29,  1978). 

Brain  Death  and  Survival  Time 

Parisi  et  al.  (1982)  discussed  the  clinical  course  of  a  49-year-old  male,  terminally 
ill  and  kept  alive  by  external  support.  His  heart  kept  beating,  despite  accepted 
criteria  for  brain  death,  for  74  days.  At  this  point  a  court  order  permitted 
termination  of  his  life  support  system. 

Epilogue 

The  tolerances,  or  margins  of  safety,  of  the  human  organism  are  truly  remarkable. 
The  discussion  herein  for  the  brain  can  be  extended  to  every  bodily  organ  and 
system.  Every  known  recorded  limit  of  function  or  survival  seems  always  to  be 
stretched  just  a  bit  further  as  one  reads  the  expanding  literature. 
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Tolerances  of  Human  Nervous  System 


The  ultimate  (if  that  is  possible)  in  optimum  functioning  with  a  minimum  of 
brain  tissue  present  is  described  by  J.  Lorber  (cited  in  a  paper  by  Lewin,  1980,  in 
SCIENCE  under  the  title  “Is  Your  Brain  Really  Necessary?).”  The  patient  was  a 
student  at  Sheffield  University  in  England.  He  had  an  I.Q.  of  126,  achieved  high 
honors  in  mathematics,  and  he  was  said  to  be  socially  normal.  Brain  scans  showed 
that  he  had  virtually  no  brain!  He  was  referred  for  clinical  study  only  because  of  an 
unusually  large  head.  The  scans  showed  that  instead  of  an  expected  4.5  cm 
thickness  of  brain  substance  between  the  cortical  surface  and  the  ventricles,  there 
was  only  a  one  mm  layer  of  mantle.  The  cranium  was  filled  mainly  with  cerebrospi¬ 
nal  fluid. 

This  case  does  not  necessarily  startle  all  neurologists.  The  innovative  aspect  is 
the  information  obtainable  from  newer  instrumentation.  Lorber  has  simply  brought 
to  light  by  improved  visualization  the  great  amount  of  structural  reserve  present  in 
the  brain.  The  case  history  minimizes,  although  in  a  limited  sense,  the  classical 
views  of  the  importance  particularly  of  the  cerebral  cortex. 
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ABSTRACT 

This  study  examines  the  effect  of  a  60-hour  calf  removal  period  on  the 
Prostaglandin  F2  a  (PGF2  a)  synchronized  conception  rates  of  beef  cows.  Fifty-two 
Hereford- Angus  cross  cows  averaging  131  days  postpartum  were  synchronized  with 
two  25  milligram  injections  of  PFG2  a.  The  cows  were  articifially  inseminated  (AI)  at  a 
predetermined  80  hours  post  injection  two.  This  trial  contained  four  treatment 
pens,  two  treatments  with  replication.  In  two  of  the  pens  the  calves  were  removed 
from  their  mothers  for  a  60-hour  period  following  the  second  PGF2  a  injection.  In 
the  other  two  pens,  the  calves  were  allowed  to  suckle  their  mothers  during  this 
same  60-hour  period.  Cleanup  bulls  were  allowed  to  serve  the  cows  for  a  50  day 
breeding  season  beginning  12  days  after  the  AI.  The  60-hour  calf  removal  period 
had  no  effect  (P  >  .05)  on  adjusted  205  day  calf  weights.  No  difference  (P  >  .05) 
between  calf  removal  treatment  was  observed  in  percent  conception  rates  of  the 
cows  to  the  synchronized  AI.  Fifty-two  percent  of  the  cows  conceived  to  the 
synchronized  AI. 


INTRODUCTION 

One  of  the  main  objectives  of  estrus  synchronization  and  ovulation  control  is  to 
manipulate  the  reproductive  processes  so  that  all  females  in  a  given  herd  can  be 
bred  during  a  short,  predefined  interval  with  normal  fertility.  It  has  been  demon¬ 
strated  that  prostaglandin  F2  a  will  synchronize  estrus  in  cattle  exhibiting  estrous 
cycles  (Lambert,  et.  al.,  1976).  An  intramuscular  injection  of  25  milligrams  of 
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PFG2  ol  will  result  in  regression  of  the  functional  corpus  luteum  (between  days 
5  and  16  of  the  estrous  cycle)  in  beef  cows.  Therefore,  one  of  the  recommended 
procedures  which  has  been  approved  by  the  Food  and  Drug  Administration  is  two 
injections  of  PGF2a  spaced  10  to  12  days  apart.  Theoretically,  all  cows  should 
have  functional  corpora  lutea  at  the  time  of  the  second  PGF2  a  injection.  These 
cows  then  exhibit  estrus  during  the  following  48-96  hours.  According  to  the  recom¬ 
mended  program,  cows  should  then  be  inseminated  at  one  predetermined  time, 
about  80  hours  after  the  second  injection.  With  this  procedure  an  approximate 
conception  rate  of  50-60  percent  may  be  expected  (Lambert,  et.  al.,  1975).  An 
obvious  advantage  to  this  program  is  the  reduced  labor  normally  associated  with 
estrus  detection,  an  idea  favored  by  many  cattlemen. 

However,  some  cattlemen  are  not  satisfied  with  a  50  percent  plus  first  service 
conception  rate.  Similarly,  under  field  conditions  many  producers  are  not  achieving 
this  high  of  a  conception  rate.  One  of  the  reasons  for  a  lower  conception  rate  may 
stem  from  the  fact  that  PGF2  a  is  not  a  ‘  tight’  synchronizer,  exemplified  by  estrus 
exhibition  occurring  over  a  two  to  four  day  range. 

Even  when  two  predetermined  insemination  times  are  employed  following  the 
second  injection,  conception  rates  may  be  lower  than  50-60  percent.  When  cows 
were  inseminated  at  72  and  96  hours  following  the  second  injection,  Beverly  (1978) 
noted  conception  rates  of  only  39.4  percent. 

Using  another  estrus  synchronizing  agent  (Syncro-Mate-B)  Mares,  et.  al.  (1979) 
observed  higher  pregnancy  rates  (P  <  .05)  for  synchronized  cows  with  a  48  hour  calf 
removal  period  than  for  synchronized  cows  without  calf  removal.  Other  researchers 
(Smith  and  Vincent,  1972;  and  Dowling  et.  al.,  1977)  have  also  noted  higher 
pregnancy  rates  in  synchronized  cows  when  short  term  calf  removal  was  practiced. 
The  exact  mechanism  by  which  short  term  calf  removal  exerts  its  influence  on 
conception  rate  is  not  known.  Eehternkamp  (1978)  has  suggested  that  suckling  may 
suppress  LH  secretion  by  retarding  the  transition  of  the  bovine  pituitary  from  a 
state  of  low  LH  content  during  gestation  to  a  state  of  higher  LH  content  in  the 
cyclic  cow. 


OBJECTIVES 

It  may  be  theorized,  therefore,  that  two  injections  of  PGF2  a  in  combination 
with  short  term  calf  removal  may  stimulate  cycling  cows  to  exhibit  estrus  during  a 
shorter  time  span.  The  purpose  of  this  experiment  is  to  examine  the  effects  of  a 
72-hour  calf  removal  period  on  conception  rates  in  cycling  beef  cows  1)  when  cows 
are  synchronized  with  two  injections  of  PGF2  a  and  2)  when  cows  are  inseminated  at 
one  predetermined  time  without  estrus  detection. 

METHODS 

This  experiment  took  place  in  the  beef  facility  on  the  Illinois  State  University 
farm.  The  experimental  design  is  shown  in  Table  I.  The  trial  began  on  February  13, 
1981.  Fifty-two  four  and  five  years  old  Hereford-Angus  cross  beef  cows  and  their 
Limousin  cross  calves  were  used  in  this  experiment.  The  cows  and  corresponding 
calves  were  stratified  by  calving  date  to  four  treatment  pens  subject  to  calving  date 
and  calf  sex  variation.  At  the  time  of  the  first  PGF2  a  injection  the  cows  ranged  from 
179  to  76  days  postpartum.  Mean  days  postpartum  were  131.  The  cows  and  calves 
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were  kept  in  confinement  on  concrete  floors  year  around.  The  cows  were  fed  silage 
(according  to  NRC  estimated  daily  allowances)  year  around  by  a  Harvestore 
automatic  belt  system.  Creep  areas  were  provided  for  the  calves.  The  calves  were 
fed  a  creep  feed  ad  libitum  from  birth  until  weaning.  In  addition,  the  calves  were 
allowed  alfalfa  hay  free  choice.  The  creep  ration  is  shown  in  Table  II. 

The  cows  were  dewormed  on  March  5.  On  April  1,  1981  the  cows  were  started 
on  a  feeding  supplement  consisting  of  four  pounds  of  shelled  corn  and  one-half 
pound  of  42%  protein  supplement  per  head  per  day  (in  addition  to  the  corn  silage). 
The  corn  and  protein  supplement  was  fed  until  May  31. 

On  April  14,  1981  the  cows  were  given  the  first  intramuscular  injection  of  25 
milligrams  of  PGF2  a.  They  were  also  given  a  visual  condition  score  on  a  scale  of  1-7 
(1  =  lean,  7  =  fat)  by  two  technicians  operating  independently.  Their  scores  were 
averaged  and  a  composite  condition  score  was  given  to  each  cow. 

On  April  25  the  cows  were  given  a  second  injection  of  25  milligrams  of  PGF2  a. 
At  this  time  the  calves  in  two  of  the  pens  were  removed  from  their  mothers  and 
were  not  allowed  to  nurse  for  a  60-hour  period.  During  the  calf  removal  period  the 
calves  were  provided  hay,  creep  and  water  ad  libitum.  The  cows  and  calves  were 
allowed  to  see  and  touch  each  other  inasmuch  as  the  cattle  panels  which  separated 
them  would  allow.  The  calves  were  returned  to  their  mothers  immediately  following 
the  60-hour  calf  removal. 

The  cows  were  artificially  inseminated  once  to  a  Black  Angus  bull.  This  bull  is 
a  known  carrier  of  the  red  gene.  They  were  inseminated  once  80  hours  after  the 
second  injection  of  PGF2  a.  Table  III  shows  the  time  and  order  of  the  second 
injection  and  the  time  and  order  of  the  artificial  insemination. 

Following  the  second  PGF2  a  injection  a  record  of  estrus  exhibition  was  kept. 
Observations  were  recorded  immediately  after  the  second  injection.  Observations 
were  recorded  three  times  daily.  Each  observation  period  was  two  hours  in 
duration.  The  observations  were  made  between  the  hours  of  6:00  and  8:00  a.m., 
11:00  a.m.  to  1:00  p.m.  and  5:00  to  7:00  p.m.  Only  cows  exhibiting  estrus  for  the 
first  time  were  recorded.  Any  cow  exhibiting  estrus  during  an  earlier  observation 
was  not  recorded  in  a  later  observation  if  she  was  still  exhibiting  estrus. 

Twelve  days  following  the  80-hour  insemination  one  Charolais  bull  was  placed 
in  each  treatment  pen.  He  was  allowed  to  serve  any  cows  coming  to  estrus  for  a 
50-day  period.  All  cows  were  rectally  palpated  to  estimate  date  of  conception  28 
days  after  the  bulls  were  removed.  A  schedule  of  events  is  listed  in  Table  IV. 

The  main  criteria  to  be  measured  were  the  conception  rates  of  the  cows  to  the 
timed  insemination.  In  addition,  conception  rates  to  natural  service  were  also 
measured.  Any  effects  the  short  term  calf  removal  had  on  calf  performance  were 
observed  by  calculating  205  day  weaning  weights.  Conception  rates  and  estrus 
exhibitions  were  analyzed  by  Chi-square  procedure  (Steel  and  Torrie,  1960). 
Adjusted  205  day  calf  weights  and  cow  condition  scores  were  statistically  analyzed 
by  least-squares  analysis  of  variance  using  pens  as  the  unit  of  analysis. 

RESULTS  AND  DISCUSSION 

The  experimental  procedure  called  for  a  72-hour  calf  removal.  On  the  third  day 
of  calf  removal  the  cows  with  the  older  calves  appeared  to  be  weaning  themselves. 
Therefore,  the  calf  removal  was  terminated  after  a  60-hour  removal  period  and  all 
calves  and  cows  were  rejoined.  No  serious  visual  ill  effects  of  the  60-hour  calf 


104 


Effects  of  Cale  Removal  on  Conception  Rates 


removal  were  observed.  All  cows  did  display  struted  udders.  Some  of  the  calves  did 
exhibit  a  small  amount  of  diarrhea  when  returned  to  the  cows. 

Adjusted  205  day  calf  weaning  weights  were  calculated  according  to  procedures 
outlined  by  Ricketts  and  Carr  (1978).  No  differences  (P  >  .05)  were  observed  in 
adjusted  205  day  weights  between  the  calf  removal  groups  and  non-calf  removal 
groups.  Mean  205  day  weight  of  the  calves  was  255  kilograms  (kg)  (Table  VI). 

A  comparison  of  cow  condition  score  was  made  between  the  cows  with  calf 
removal  and  the  cows  without  calf  removal.  Since  cows  in  poor  condition  can  be 
expected  to  have  a  decrease  in  fertility  this  analysis  was  important  as  cow  condition 
was  not  a  factor  in  the  initial  allotment.  The  mean  condition  score  was  4.37.  No 
difference  (P  >  .05)  in  cow  condition  score  was  observed.  Therefore,  any  variation  in 
condition  between  the  cows  should  not  have  had  any  effect  on  conception  rates. 

No  cows  were  observed  to  exhibit  estrus  during  the  first  48  hours  following  the 
second  injection.  Between  48  hours  post  injection  two  and  96  hours  post  injection 
two,  several  cows  were  observed  to  exhibit  varying  degrees  of  estrus.  Table  VI 
shows  the  number  of  cows  exhibiting  estrus  during  the  observation  periods.  No 
difference  (P  >  .1)  in  number  of  cows  exhibiting  estrus  was  observed  by  the  end  of  60 
hours  post  injection  two  comparing  the  cows  with  calf  removal  and  the  cows  without 
calf  removal.  The  number  of  cows  observed  to  exhibit  estrus  by  84  hours  post 
injection  two  was  different  (P  <  .1)  between  the  calf  removal  and  non-calf  removal 
group. 

The  total  number  of  cows  observed  to  exhibit  estrus  by  the  end  of  the  96  hour 
observation  period  was  different  (P  <  .05)  between  the  calf  removal  group  and  the 
non-calf  removal  group  comparing  22  vs.  15,  respectively.  On  a  percentage  basis, 
85%  of  the  cows  with  calf  removal  exhibited  estrus  compared  to  58%  of  the  cows 
without  calf  removal.  One  additional  cow  exhibited  estrus  during  the  observation 
period  after  the  96  hour  interval.  Interesting  is  the  fact  that  this  cow  conceived  to 
the  synchronized  artificial  insemination.  This  fact  was  determined  by  the  color  of 
her  calf  and  the  date  of  calving. 

Results  of  the  rectal  palpations  taken  91  days  post  artificial  insemination  did  not 
agree  with  the  estrus  observation  data.  Fifty-four  percent  of  the  cows  with  calf 
removal  were  estimated  to  have  conceived  to  the  AI  compared  to  58%  of  the  cows 
without  calf  removal.  This  4%  difference  was  determined  to  be  non-significant. 
According  to  the  rectal  palpation  all  cows  were  estimated  to  be  pregnant  either  to 
the  AI  or  natural  matings  of  the  clean  up  bulls.  Apparently  many  of  the  cows  in  the 
non-calf  removal  group  either  exhibited  estrus  during  the  night  hours  or  had  silent 
heats.  The  latter  is  doubtful.  Perhaps  removing  the  calves  stimulated  the  cows  to 
have  stronger  and  longer  heats  which  were  more  easily  observed.  However,  it  is 
more  likely  that  since  the  average  days  postpartum  at  calf  removal  was  142,  all  cows 
were  cycling  and  calf  removal  had  little  synchrony  affect  on  the  cows. 

The  rectal  palpation  data  was  a  good  estimate  of  the  actual  calving  data.  Since 
there  was  a  color  pattern  change  in  the  calves  an  evaluation  of  the  synchronization 
success  was  easy.  Calves  resulting  from  the  synchronized  AI  were  either  red  or 
black.  Calves  resulting  from  natural  matings  were  cream  colored. 

Fifty-two  percent  of  the  cows  became  pregnant  to  the  synchronized  AI.  There 
was  no  difference  (P  >  .1)  in  synchronized  conception  rates  between  cows  with  calf 
removal  and  cows  without  calf  removal  comparing  46%  vs.  58%,  respectively. 
Twelve  percent  more  cows  without  calf  removal  settled  to  the  synchronized  AI  than 
did  the  cows  with  calf  removal. 
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A  higher  (P  <  .1)  percentage  of  the  cows  with  calf  removal  settled  on  the  first 
estrus  of  natural  mating  than  did  the  cows  without  calf  removal,  comparing  50%  vs. 
27%,  respectively.  This  would  be  expected  since  the  total  number  of  cows  settled 
by  the  end  of  the  first  estrus  of  natural  mating  was  not  different  (P  >  .1)  between  the 
two  groups.  The  number  of  cows  becoming  pregnant  by  the  end  of  second  and  third 
estrus  of  natural  mating  was  similar  between  the  two  groups.  All  cows  were 
pregnant  at  the  end  of  the  fifty  day  breeding  season.  Only  two  cows  became 
pregnant  during  the  third  estrus.  These  two  cows  were  not  allowed  to  calve  but 
were  culled  from  the  herd.  It  should  be  noted  that  90%  of  the  cows  became 
pregnant  and  calved  to  either  the  synchronized  AI  or  the  first  estrus  of  natural 
mating.  Those  cows  which  conceived  to  the  synchronized  AI  calved  during  a  15  day 
time  span.  The  most  cows  to  calve  in  any  one  day  were  six.  All  the  cows  which  were 
allowed  to  calve  did  so  in  a  60-day  time  span. 
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TABLE  I.  Experimental  Design 


pen 

1 

2 

3 

4 

calf  removal 

+ 

-f 

— 

— 

number  of  cows 

13 

13 

13 

13 

mean  days  postpartum 

at  first  injection 

130 

131 

131 

132 
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TABLE  II.  Creep  Feed 

Percent 

57.5 

22.5 

20.0 

Item 

whole  oats 
cracked  corn 

32%  protein  supplement  (all  natural 
protein  plus  140  grams/Ton  aueromycin 

Table  III.  Relationship  to  Second  Injection  Time 
to  Artificial  Insemination  Time 

Table  III.  Relationship  to  Second  Injection  Time 
to  Artificial  Insemination  Time 

Pen  number 

12  3  4 

Calf  Removal 

+  -  +  - 

Injection  time 
(4-25-81) 

5:30-5:45  AM  6:35-6:45  AM  7:32-7:41  AM  8:30-8:37  AM 

Insemination  time  1:22-1:40  PM  2:24-2:40  PM  3:31-3:46  PM  4:18-4:36  PM 


(4-25-81) 

Table  IV.  Schedule  of  Events 

Date 

Event 

2-13-81 

Allotted  cows 

3-5-81 

Deworm  cows 

4-1-81 

Begin  feeding  corn  +  protein 
supplement  to  cows 

4-14-81 

1st  PGF2  a  injection  +  visually  score 
cows  for  condition 

4-25-81 

2nd  PGF2  a  injection  +  remove  calves 
from  cows 

4-27-81 

Return  calves  to  cows 

4-28-81 

AI  cows 

5-11-81 

Turn  in  clean  up  bulls 

5-31-81 

Stop  feeding  corn  +  protein  supplement 

6-30-81 

Remove  clean  up  bulls 

7-28-81 

Palpate  cows 
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TABLE  V.  Criteria  Measured 


Calf  Removal 

+ 

— 

mean  S.E. 

Adj.  205  day  weights 

255 

255 

255  .51 

(kg) 

Cow  condition  score 

4.47 

4.27 

4.35  .03 

Conception  Rate  AI 

46 

58 

52 

% 

Conception  Rate  First  Estrus 

Natural  Mating  (%) 

50a 

27a 

38 

Conception  Rate  AI  +  First 

Estrus  (%) 

96 

85 

90 

Conception  Rate  Second 

Estrus  Natural  Mating  (%) 

4 

7.5 

6 

Conception  Rate  Third 

Estrus  Natural  mating  (%) 

0 

7.5 

4 

Total  Conception  Rate 

(%) 

100 

100 

100 

aMeans  with  same  superscript  differ  (P  < 

,i). 

TABLE  VI.  Observed  Estrus  Exhibition 

Calf  Removal 

4- 

- 

Hours  Postinjection  2 

Number 

of  cows 

0 

0 

0 

24 

0 

0 

48 

0 

0 

60 

16 

12 

84 

21a 

15a 

96 

22b 

15b 

aNumbers  with  same  superscript  differ  P 

<  .1. 

bNumbers  with  same  superscript  differ  P 

<  .05. 
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NEW  RECORDS  OF  THRIPS  IN 
ILLINOIS  (INSECTA, 
THYSANOPTERA) 


L.  J.  Stannard,  E.  J.  Armburst,  P  L.  Watson 
and  M.  E.  Irwin 

Illinois  Natural  History  Survey,  Champaign 

and 

University  of  Illinois  Agricultural 
Experiment  Station 
Urbana 

Despite  the  most  careful  searches,  additional  species  and  records  to  faunal  and 
floral  reports  are  often  discovered  after  these  reports  are  published,  and  the  faunal 
report  ‘The  Thrips  of  Illinois’’  (Stannard  1968)  proved  to  be  no  exception. 

The  following  thrips  have  been  found  recently  to  be  in  Illinois  or  their  ranges 
have  been  found  to  be  expanded  since  the  original  surveys.  Several  of  the  new 
records  resulted  from  intensive  monitoring  of  insects  on  soybeans  (Irwin  et  al.  1979) 
and  alfalfa  in  the  past  few  years  in  southern  Illinois. 

Preserved  specimens  upon  which  these  records  are  based  are  deposited  in  the 
collections  of  the  Illinois  Natural  History  Survey,  Urbana,  Illinois. 

Terebrantia 

Aeolothripidae 

Aeolothrips  fasciatus  (Linneaus) 

Previously  our  collections  of  this  species  were  taken  only  in  the  northern  half 
of  the  state.  Because  Whitcomb  and  Bell  (1964)  had  reported  this  species  in  cotton 
fields  of  Arkansas  in  the  spring  or  early  summer  (“early  in  the  season”),  it  was 
assumed  that  this  species  eventually  would  be  found  in  southern  Illinois.  In 
Arkansas,  these  authors  did  not  find  A.  fasciatus  after  “hot  weather”  set  in.  We 
found  this  species  to  be  present  in  southern  Illinois  from  June  through  September. 

New  County  Records 

Jackson  County. — Carbondale;  June  through  July  1980;  E.  Armburst  and  P  Watson; 
on  alfalfa;  females  and  males. 

Monroe  County. —  Waterloo;  July  21,  1971;  T.  Cooley;  on  soybeans;  female. 

Pope  County. —  Robbs,  Dixon  Springs  Agriculture  Center;  June  26,  1975;  M. 
Irwin  and  L.  Stannard;  on  soybeans;  females. 
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Robbs,  Dixon  Springs  Agriculture  Center;  September  30,  1980;  L.  Stannard;  on 
alfalfa;  females. 

St.  Claire  County. — Belleville;  June  through  July,  1980;  E.  Armburst  and  P 
Watson;  on  alfalfa;  females  and  males. 

As  observed  by  Whitcomb  and  Bell  (1964),  these  predaceous  thrips  appeared 
to  be  associated  with  the  flower  trips,  Frankliniella  tritici  (Fitch),  upon  which  they 
may  prey.  In  our  observations  in  1980,  A .  fasciatus  and  the  native  A .  bicolor  Hinds 
fluctuated  in  abundance  according  to  the  rise  and  fall  of  the  flower  trips  populations 
in  the  alfalfa  fields.  At  Carbondale,  Stomatotrips  crawfordi  Stannard,  another 
presumed  predaceous  thrips,  was  taken  occasionally  with  the  two  aforementioned 
species  of  Aeolothrips  in  nets  swept  over  alfalfa  and  weeds. 

Thripidae 

Dendrothrips  ornatus  (Jablonowski) 

Collections  made  in  the  1950s  and  1960s  showed  that  this  introducted  thrips 
was  common  in  the  northern  two-thirds  of  Illinois  on  privet  hedge  and  lilac.  The 
following  new  record  indicates  that  this  species  probably  is  state-wide  in  distribu¬ 
tion  and  also  can  become  abundant  in  extreme  southern  Illinois. 

New  County  Record 

Pope  County. — Golconda;  June  4,  1981;  L.  and  M.  Stannard  and  M.  Barger 
McCormick;  on  leaves  of  lilac;  females  and  males  in  high  numbers. 

Chirothrips  vestis  Hood 

This  relatively  small,  spiny  species  turned  up  in  southeastern  Illinois  in  1971  in 
Berlese  samples  of  grass  clumps.  It  seems  to  be  another  member  of  the  fauna 
predominately  centered  in  the  Cumberland  Plateau  region  that  barely  extends  into 
Illinois. 


New  Illinois  Record 

Hardin  County. — Karber’s  Ridge;  October  1,  1971;  L.  Page  and  L.  Stannard;  from 
Schizachyrium  scoparium  (Michx.),  formerly  Andropogon  scoparium  Michx.; 
females. 


Tubulifera 

Phlaeothripidae 

Nesothrips  (Gastrothrips)  callipus  Hood 

First  discovered  and  described  from  Texas  (Hood  1935),  this  little  known 
species  was  taken,  as  a  stray  specimen,  in  1975  on  soybeans  growing  near  a  forested 
area.  Hood  found  the  type  material  on  dead  branches,  its  most  likely  habitat.  We 
observed  that  when  disturbed  the  female  curled  the  tip  of  its  abdomen  over  its 
back,  staphylinid  style. 


New  Illinois  Record 

Pope  County. — Robbs,  Dixon  Springs  Agriculture  Center;  June  26,  1975;  M.  Irwin 
and  L.  Stannard;  on  soybeans;  female. 
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NOTE 

This  publication  is  a  contribution  of  the  Illinois  Natural  History  Survey  and 
Illinois  Agricultural  Experiment  Station,  University  of  Illinois  at  Urbana-Champaign, 
supported  in  part  by  federal  funds  from  the  Environmental  Protection  Agency 
under  Grant  No.  L800146.  The  contents  do  not  necessarily  reflect  the  views  and 
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Computer  generated  continued  fractions 

by 

P.  J.  C.  Lamont 

Continued  fraction  representations  of  p-adic  numbers  are  defined.  The 

2  2 

algorithm  for  solving  Pell's  equation  x^  -  N  y  =  for  N  not  a  perfect  square, 

in  rational  integers  using  the  continued  fraction  development  of  >/n  is  given  in 

a  form  suitable  for  computer  application.  Analogous  algorithms  for  solving 

2 

certain  equations  x  +  N  =  0,  in  p-adic  integers  with  the  usual  representation 
and  with  the  continued  fraction  representation  are  developed  for  odd  prime  p. 
Certain  of  the  p-adic  continued  fractions  are  periodic. 

1.  Pell's  equation.  Assume  N  is  not  a  perfect  square.  For  a  =  sTn! 

I  ° 

let  q  =  [a  ]  the  integral  part  of  a  .  Then  a  =  q  +  a,  and  this  process 
oo  or  D  ool 


may  be  repeated  to  obtain 

/n  = 


%  +  q^+ 


q  +  a  . , 

n  n+1 


For  some  n,  a  =  q  +  and  the  continued  fraction  is  periodic  I~1  2] 
n+1  o 

We  write 


qD  q-L  •  •  *q„  2q^. 


n 


The  convergents  A  /B  to  /N  are  given  by  A  =  q  ,  B  =  1, 
b  mm  o  ^o  o 

A^  =  q  q^  +  1,  B  =  q^  and  the  recurrence  relations 

A  =  q  A  +  A 
m  m  m— l  m— z, 


and 


B  =  q  B  +  B  . 
m  m  m-1  m-2 . 


2  2  n  1  2  2  . 

Since  A  -  N  B  =  (-1)°  ,  x  =  A  and  y  =  B  give  a  solution  to  x^  -N  y  =  i  1, 

n  n  n  n 

2  2 

The  values  x  =  A„  , ,  and  y  =  B„  , ,  always  give  a  solution  of  x  -  N  y  =1. 

2n+l  2n+l 

Calculation  of  results  with  51  £  N  £  99  yielded  data  for  the  table  in 
Figure  1.  For  a  similar  table  with  2  <  N  <  50  see  [2]. 
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Computer  Generated  Continued  Fractions 


2 


■r 

N 

Continued  fraction  for  N 

X 

y 

2  M  2 

x  -  Ny 

51 

7 

7,14 

50 

7 

1 

52 

7 

4,1,2,1,4,14 

649 

90 

1 

53 

7 

3,1,1,3,14 

182 

25 

-1 

54 

7 

2,1,6,1,2,14 

485 

66 

1 

55 

7 

2,2,2,14 

89 

12 

1 

56 

7 

2,14 

15 

2 

1 

57 

7 

1,1,4,1,1,14 

151 

20 

1 

58 

7 

1,1,1,1,1,1,14 

99 

13 

-1 

59 

7 

1,2,7,2,1,14 

530 

69 

1 

60 

7 

1,2,1,14 

31 

4 

1 

61 

7 

1,4,3,1,2,2,1,3,4,1,14 

29718 

3805 

-1 

62 

7 

1,6,1,14 

63 

8 

1 

63 

7 

1,14 

8 

1 

1 

65 

8 

16 

8 

1 

-1 

66 

8 

8,16 

65 

8 

1 

67 

8 

5,2,1,1,7,1,1,2,5,16 

48842 

5967 

1 

68 

8 

4,16 

33 

4 

1 

69 

8 

3,3,1,4,1,3,3,16 

7775 

936 

1 

70 

8 

2,1,2,1,2,16 

251 

30 

1 

71 

8 

2,2,1,7,1,2,2,16 

3480 

413 

1 

72 

8 

2,16 

17 

2 

1 

73 

8 

1,1,5,5,1,1,16 

1068 

125 

-1 

74 

8 

1,1,1,1,16 

43 

5 

-1 

75 

8 

1,1,1,16 

26 

3 

1 

76 

8 

1,2,1,1,5,4,5,1,1,2,1,16 

57799 

6630 

1 

77 

8 

1,3,2,3,1,16 

351 

40 

1 

78 

8 

1,4,1,16 

53 

6 

1 

79 

8 

1,7,1,16 

80 

9 

1 

80 

8 

1,16 

9 

1 

1 

82 

9 

18 

9 

1 

-1 

83 

9 

9,18 

82 

9 

1 

84 

9 

6.18 

55 

6 

1 

85 

9 

4,1,1,4,18 

378 

41 

-1 

86 

9 

3,1,1,1,8,1,1,1,3,18 

10405 

1122 

1 

87 

9 

3,18 

28 

3 

1 

88 

9 

2,1,1,1,2,18 

197 

21 

1 

89 

9 

2,3  ,3  ,2,18 

500 

53 

-1 

90 

9 

2,18 

19 

2 

1 

91 

9 

1,1,5,1,5,1,1,18 

1574 

165 

1 

92 

9 

1,1,2,4,2,1,1,18 

1151 

120 

1 

93 

9 

1,1,1,4,6,4,1,1,1,18 

12151 

1260 

1 

94 

9 

1,2,3,1,1,5,1,8,1,5,1,1,3,2,1,18 

2143295 

221064 

1 

95 

9 

1,2,1,18 

39 

4 

1 

96 

9 

1,3,1,18 

49 

5 

1 

97 

9 

1,5,1,1,1,1,1,1,5,1,18 

5604 

569 

-1 

98 

9 

1,8,1,18 

99 

10 

1 

99 

9 

1,18 

10 

1 

1 

Figure  1. 
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2.  The  solution  of  x“  +  N  =  0  in  p-adic  integers.  Assume  that  N  is  not  divisible 

by  odd  prime  p  and  that  -N  is  a  quadratic  residue  modulo  p.  The  equation 

2  ^ 
x  4-  N  ^  0  (mod  p)  is  solved  to  yield  q  .  Let  A  -  =  A  =  q  ,  A  ,  =  A  +  q  n  5  , 

o  -loo  m+1  m  m+1 

2  m_|_i 

A  =  (A  +  N)/p  ,  and  B  =  2A  ,  ,  Then  q  , ,  is  found  as  the  solution  of 
m  m-1  m+1 

2 

A  +  B  x  =  0  (mod  p) .  Then  a  =  Iq  5  is  the  solution  of  x  +  N  =  0  in  p-adic 

m 

integers  with  the  usual  representation.  5-adic  integer  developments  of  nJ"-N  for 
suitable  N  with  1  <  N  £  49  are  given  in  figure  2. 


N 

9m 

1 

2, 1,2, 1,3, 4, 2, 3, 0,3, 2 

4 

1,2, 0,2, 3, 0,4, 2, 3, 3, 4 

6 

2, 2, 1,1, 2, 3, 2, 4, 3 ,1,0, 0,1 

9 

1,4, 1,4, 4, 3, 3, 0,2, 4, 2 

11 

2, 3, 2, 1,4, 4, 1,1, 3, 2, 0,3 

14 

1,1, 4, 0,1, 2, 3, 2, 0,4, 0,1 

16 

2, 4, 0,4, 1,1, 3, 0,2, 2, 4 

19 

1,3, 2, 0,4, 4, 4, 2, 0,2, 2 

21 

2, 0,1, 1,2, 4, 4, 2, 0,3, 0,0, 4 

24 

1.0, 2, 2, 0,3, 4, 0,2, 1,4 

26 

2, 1,3, 4, 2, 4, 1,2, 3, 1,3 

29 

1,2, 2, 0,2, 0,0, 4, 4, 1,1, 0,2 

31 

2, 2, 2, 1,1, 1,2, 3, 4, 3, 0,0, 2 

34 

1,4, 3, 3, 0,2, 2, 0,2, 0,1,1 

36 

2, 3, 3, 3, 4, 2, 2, 1,4, 3, 0,0, 3 

39 

1,1, 1,1, 3, 0,3, 0,1, 4, 4 

41 

2, 4, 1,3, 0,2, 4, 0,4, 0,0, 0,0,1 

44 

1,3, 4, 1,1, 0,1, 2, 3, 4, 3 

46 

2, 0,2, 2, 1,0, 0,1, 3, 2, 4 

49 

1,0, 4, 4, 1,2, 4, 4, 4, 2, 1,2 

Figure  2 
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3 .  Geometry  and  convergence . 

Theorem  3.1.  Let  a  sequence  of  integers  q^,  q^ ,  q9,  ... 
number  a  be  given.  Let  T  =  +  p  ,  where  r  ■>  1 .  Let  a^= 

n  2  °>  Vi  by  T 

“n  =  qn  +  “n+l  ' 

Let  U_2  =  0).  =  (0,  1)  and,  for  n  ^  0, 


Then,  for  n  >  0, 


U  =  q  U  .  +  T  U  „. 
n  n  n-1  n-2 


a  U  .  +  T  U  „ 
n  n-1  n-2 


is  on  line  y  =  a  x. 

Proof:  U  =  q  (0,  1)  +  T  d,  0)  =  (1,  q  ). 

-  o  o  T  o 

Ux  =  qx  (1,  qQ)  +  T  (0,  1)  =  (qlf  q^  +  T)  . 

Now  a  U_2  +  T  U_?  =  a  (0,  1)  +  T  (^,  0)  =  (1,  a)  is 
Assume  that  U  ^  +  T  is  on  y  =  a  x.  Consider 

y  -  Vi  \  +  T  Uk-1 


=  T  Uk-1  +  Vl(’k  \-l  +  T  \-2> 


ak+l  T  Uk-2  +  <ak+l  qk  +  l'k-l 

*  ak+l  r  l'k-2  +  ak+l<qk  +  a  ’  Uk-1 

k+1 


\+l  (T  Uk-2  +  \  V-d* 

The  result  follows  by  induction. 


We  write  U  =  (b  ,  a  ) . 

n  n  n 

Lemma  3.1.  a  b  .-a  ,  b  =(-l)n^Tn. 

- — - - n  n-1  n-1  n 


al  bo  ■  ao  bl  ■  <qo  ql  +  T)  -  qo  ql  ’  T- 


a  b  -  a  b  =-T(a  .  b  „  -  a  „  b  ,) 

n  n-1  n-1  n  n-1  n-2  n-2  n-1 


and  an  irrational 
a  and  define,  for 


on  y  =  a  x . 


Proof : 
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Theorem  3.2.  The  values  a  / b  converse  to  ot  in  the  p-adic  topology. 
-  mm 

Proof :  By  theorem  3.1, 


a  = 


ak+l  ak  +  T  ak-l 

\+l  bk  +  T  bk-l. 


Hence  a  -  __n 

b“ 

n 


T  (a  .b  -  a  b  ,)  =  (-1)°  Tn 

n-1  n  n  n-1 


b  b  i  i 

n  n+1 


b  b 
n  n+1 , 


by  lemma  3.1.  Hence,  for  |t|  a  power  of  p,  the  result  follows. 


4.  p-adic  continued  fractions.  We  consider  continued  fraction  developments 

2 

of  p-adic  solutions  of  x  +  N  =  0  of  the  form 


q  + 


P_  P 


°  V  V 


P__ 

q  -  a  , . 
n  n+1 


(4.1) 


where  1  <  q  <  p-1.  The  quotients  a  /b  converge  to  a  =  ^ -N ,  The  q.  are 
—  m  —  mm  l 


chosen  so  that 


2  ,2  n  ,  ,  m+1. 

a  +  N  b  5  0  (mod  p  ) 

mm 


2  2 

Let  q  satisfy  q  +  N  =  0  (mod  p) .  Define  c  =  (q  +  N)/p  and  d  =  2  q  . 
o  o  o  o 

Then  q,  is  the  solution  of  cx  +  d  =  0  (mod  p) .  With  a  =  q  ,  b  =1, 

1  o  o  o 

a^  =  qQ  q^  +  p,  and  b^  =  q^,  define,  for  m  )>  2 , 

a  =  (a2  +  N  b2 

m-1  m-1 


and 


b  =  2(a  -.a  +  N  b  ,  b  «)/pm  ^ . 

m-1  m-2  m-1  m-2 


Then  q  is  the  solution  of  a  x  =  b  (mod  p) . 


m 


For  m  >  2, 


a  =  q  a  -pa  , 
m  m  m-1  m-2 


b  =  q  b  -pb  , 
m  m  m-1  m-2 


and 
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and  we  repeat  the  process. 

In  cases  in  which  p  divides  a  or  c,  we  must  replace  p  by  a  higher  power  of 
p  in  the  continued  fraction  development.  For  p  =  5 ,  we  find,  for  example,  that 
f-L  =  2;  1,  3,  1  where  1,  3,  1  repeats.  For  expansions  of  the  form 
25  25  25  25 


q 

O  qr  q2- 


q  -  a 
n  n+1 


(4.2) 


ij -21  =  2;  4  and  /-49  =  1;  1,2. 

5.  Purely  periodic  continued  fractions.  Consider  developments  of  the  form 


_  E_ 

V 


V 


P _ 

qn~ 


a 


n+1 


(5.1) 


with  1  q^  <_  p-1  for  p-adic  solutions  of 

2 

ax  +bx  +  c  =  0 
with  a,  b,  and  c  rational  integers. 

Theorem  5.1.  If  a,  satisfying  (5.2),  has  a  purely  periodic  development  of 


(5.2) 


the  form  (5.1),  then  a  and  p/6  satisfy 

2  / 
b  x  -(pb  ,+a)x  +  pa  ,  =  0 
n  n-1  n  n-1 

where  6  is  the  continued  fraction  with  the  reverse  period. 

Proof:  The  result  follows  from  theorem  3.1  since 


(5.3) 


a  a  -  p  a  , 
n  n-1 


and 


a  = 


6  = 


b  a  -  p  b  , 
n  n-1 


a  6  -  p  b 
n _ n 

a  .8  -  p  b  ' 
n-1  n-1 


It  follows  that  aB  =  p.  Also,  if  a  =  (P  +  vfD)/Q,  where  P,  D,  and  Q  are 

2 

integers,  then  Q  divides  P  -  D. 
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For  example,  for  5-adic  numbers  2  +  >(  — 1  =  4,  (3  +  >/*— Tl )  /  2  =  3, 

(2  +  <J- 1 6 ) / 2  =  2,  and  (1  +  \f- 19 ) / 2  =1  are  all  the  purely  periodic  continued 

fractions  of  period  1  of  the  form  (5.1).  For  short  period  length  it  is  easy 

2 

to  find  the  equation  (5.3)  satisfied  by  a.  Thus,  to  solve  3x  +  2x  +  5  =  0 
in  5-adics  of  the  form  (5.1)  we  have  convergents  1/1,  -6/-1,  -13/-23,  —9/— 64 , 
29/-141,  132/-103,  and  251/396  corresponding  to  a  period  of  length  eight  with 
a  =  1,4, 1,3, 3, 4, 3, 3. 
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PANCREATIC  FLUKES 
(EURYTREMA  PROCYONIS) 
IN  RED  AND  GRAY  FOXES 
FROM  SOUTHERN  ILLINOIS 


William  G.  Dyer  and  Willard  D.  Klimstra 
Department  of  Zoology, 

Southern  Illinois  University  at  Carbondale, 
Carbondale,  Illinois  62901 


ABSTRACT 

The  pancreas  and  associated  ducts  of  726  foxes  including  543  Urocyon 
cinereoargenteus  collected  in  Jackson,  Johnson,  Union  and  Williamson  counties  and 
183  Vulpes  vulpes  collected  in  Jackson,  Union  and  Williamson  counties  of  southern 
Illinois  were  examined  for  Eurytrema  procyonis.  Six  (1.1%  of  the  gray  foxes  and 
none  of  the  red  foxes  were  infected. 

INTRODUCTION 

Pancreatic  flukes  ( Eurytrema  procyonis  Denton,  1942)  have  been  detected  in 
both  domestic  and  wild  carnivores  from  various  areas  of  the  contiguous  United 
States.  To  our  knowledge,  this  dicrocoelid  trematode  has  not  been  reported  from 
carnivores  in  Illinois.  In  conjunction  with  a  food  habit  study  involving  726  foxes,  an 
opportunity  existed  to  examine  these  animals  for  this  fluke.  The  prevalence  of 
infection  and  speculation  on  the  probable  life  history  of  this  helminth  are  presented 
in  this  report. 

Eurytrema  procyonis  was  described  from  specimens  obtained  from  the  pancre¬ 
atic  ducts  of  raccoons,  Procyon  lotor  (Linnaeus)  in  Texas  and  has  subsequently  been 
reported  from  P  lotor  in  Texas  (Chandler,  1942;  Denton,  1944),  Connecticut 
(Penner  et  al.,  1954),  Maryland  (Herman  et  al.,  1957),  Georgia  (Babero  and 
Shepperson,  1958;  Sawyer,  1958),  and  North  Carolina  and  Virginia  (Harkema  and 
Miller,  1964).  This  species  has  also  been  recorded  from  a  red  fox,  Vulpes  vulpes 
Linnaeus,  in  New  York  (Stunkard,  1947,  1950)  and  gray  foxes,  Urocyon  cinereoargenteus 
(Schreber)  in  Maryland  (Herman  et  al.,  1957)  and  North  Carolina  (Miller  and 
Harkema,  1968).  Domestic  cats  have  also  been  reported  as  hosts  of  E.  procyonis  in 
New  Jersey  (Burrows  and  Lillis,  1960,  1965)  and  within  a  250  mile  radius  of  Fort 
Knox,  Kentucky,  including  parts  of  Tennessee,  Indiana  and  Ohio  (Sheldon,  1966). 
This  parasite  has  also  been  found  in  domestic  cats  from  North  Carolina  and  Virginia 
(Carney  et  al.,  1970)  and  from  Missouri  (Smith  et  al.,  1977). 
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MATERIALS  AND  METHODS 

Seven  hundred  and  twenty-seven  foxes  were  either  shot  or  trapped  in  southern 
Illinois.  This  included  543  gray  foxes  collected  in  Jackson,  Johnson,  Union  and 
Williamson  counties  between  November,  1959  and  October,  1963  and  183  red  foxes 
collected  in  Jackson,  Union  and  Williamson  counties  between  February,  1959  and 
February,  1964.  The  carcasses  were  immediately  frozen  and  transported  to  the 
laboratory.  Subsequent  to  thawing,  the  pancreas  and  associated  ducts  were  examined. 
Flukes  were  fixed  in  alcohol-formalin-acetic  acid  (AFA),  stained  with  either  Harris’ 
or  Delafield’s  hematoxylin  and  mounted  in  Canada  balsam. 

RESULTS 

Of  the  543  gray  foxes  collected  over  a  period  of  48  consecutive  months  from 
four  counties  in  southern  Illinois,  6  (1.1%)  were  infected  with  E.  procyonis,  while 
none  of  the  183  red  foxes  collected  from  three  counties  were  infected.  The 
pancreatic  ducts  of  all  infected  animals  were  hypertrophied  and  contained  numer¬ 
ous  flukes. 


DISCUSSION 

Since  Eurytrema  procyonis  is  not  host  specific  to  foxes,  its  occurrence  in  gray 
foxes  of  southern  Illinois  is  an  indication  that  it  is  probably  present  in  other  wild 
carnivores.  As  mentioned  earlier,  it  is  well  known  that  domestic  cats  serve  as 
definitive  hosts  for  this  fluke.  The  absence  of  reported  infections  in  domestic 
populations  from  this  region  may  be  due  to  the  lack  of  clinical  signs  associated  with 
this  infection  in  cats  (Sheldon,  1966;  Carney  et  al.,  1970). 

While  the  complete  life  history  of  E .  procyonis  has  not  been  elucidated,  it  has 
been  established  that  terrestrial  snails,  Mesodon  thyroidus  (Say),  serve  as  the  first 
intermediate  host  (Denton,  1944).  It  is  highly  probable  that  the  life  history  of  E. 
procyonis  is  similar  to  that  of  E.  pancreaticum  (Janson,  1889)  Looss,  1907,  from 
Malaysia  as  reported  by  Basch  (1965)  wherein  land  snails,  Bradybaena  similaris 
Ferussac  serve  as  first  intermediate  hosts  and  meadow  grasshoppers,  Conocephalus 
(Xiphidion)  maculatus  LeGuillou  as  second. 

As  pointed  out  by  Carney  et  al.  (1970),  the  involvement  of  domestic  cats  in  the 
life  history  of  E .  procyonis  affords  speculation  that  a  domestic  host  may  have  a  role 
in  the  maintenance  and  dissemination  of  parasites  of  wildlife.  Further,  we  suggest 
that  since  domestic  cats  are  not  insectivorous,  infection  may  be  acquired  by 
ingestion  of  a  paratenic  host  containing  E .  procyonis .  Wild  carnivores  could  become 
infected  by  ingesting  either  an  infected  arthropod  or  a  paratenic  host  so  that  the 
spread  of  the  parasite  over  its  range  could  include  several  routes. 
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ABSTRACT 

There  were  no  differences  in  dry  mass  and  area  of  attached  and  detached 
cytoplasmic  droplets  of  Ambystoma  texanum  spermatozoa  determined  using  quanti¬ 
tative  interference  microscopy.  The  combined  means  for  dry  mass  and  areas  of  60 
droplets  were  found  to  be  24.6  ±  2.6  pg  and  2.4  ±  0.1  x  10‘7cm2.  The  correlation 
coefficient  for  dry  mass  and  area  is  r  =  0.86. 

Wortham  et  al.  (1977)  have  reviewed  literature  on  cytoplasmic  droplets  in 
different  salamander  species.  Russell  et  al.  (1981)  recently  described  their  observa¬ 
tions  for  spermatophores  and  spermatozoa  of  the  salamander  Ambystoma  texanum 
following  light  and  electron  microscopy.  In  vasa  deferentia  cytoplasmic  droplets 
were  attached  to  spermatozoan  necks  and  as  free  droplets  in  the  spermatophore 
caps  where  they  were  internally  segregated  by  a  membrane  like  structure.  The  free 
and  attached  droplets  were  cytologically  alike  in  the  following  ways:  both  types  of 
droplets  showed  weak  reactions  with  periodic  acid-Schiflf,  Alcian  blue  of  pH  2.5, 
ninhydrin-Schiflf,  and  osmium  tetroxide;  in  paraffin  sections,  both  types  stained 
orthochromatically  with  Toluidine  blue  0;  dark  granules  were  seen  in  both  types 
with  phosphotungstic  acid  hematoxylin  and  Heidenhains  iron  hematoxylin;  and 
internally,  both  types  showed  many  membranous  cisternae  and  sacs  in  addition  to 
two  types  of  dense  bodies. 

Because  spermatozoan  cytoplasmic  droplets  found  in  many  salamander  species 
contained  mitochondria,  cytoplasmic  RNA,  and  a  highly  complex  membrane  system 
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(Murphy  et  al.  1973,  Wortham  et  al.  1977)  these  authors  inferred  that  droplets  were 
functional  and  played  a  role  in  the  maturation  of  spermatozoa  or  were  of  signifi¬ 
cance  to  spermatozoan  motility  of  fertilizing  capacity.  Wilder  (1913)  suggested  that 
cytoplasmic  droplets  may  be  an  adaptation  for  prolonged  storage  of  sperm  in  the 
female  spermatheca  or  that  they  resisted  dissication  of  spermatozoa  of  terrestrial 
species. 

We  used  quantitative  interference  microscopy  to  test  the  hypothesis  that  the 
dry  mass  and  area  of  attached  and  detached  cytoplasmic  droplets  in  the  same 
environment  (fluid  from  vas  deferens)  are  not  statistically  different. 

Vasa  deferentia  were  excised  from  one  Ambystoma  texanum  collected  in 
Jackson,  Co.,  Illinois  and  seminal  fluid  was  collected  from  the  distal  portion  onto 
glass  slides.  Coverslips  were  placed  over  the  samples  and  ringed  with  clear 
fingernail  polish.  Preparations  were  viewed  with  a  Letiz  transmitted  light  (Mach 
Zehnder)  interference  microscope  (50x  A  0.85/o°/0. 17  objectives,  16x  Periplan  GF 
oculars,  field  dia.  0.3mm.  800x  magnification).  Optical  path  differences  for  30 
attached  and  30  detached  droplets  were  recorded.  All  60  cytoplasmic  droplets  were 
photographed  with  an  Orthomat  camera  and  planimetry  of  projected  and  traced 
images  was  used  to  determine  area  of  the  cytoplasmic  droplets  (Kulfinski  and 
Pappelis  1971).  Planimetered  areas  were  corrected  for  the  magnification  factor  and 
these  values  and  optical  path  differences  measurements  were  inserted  into  the 
formula  of  Beneke  (1966)  to  determine  toatl  dry  mass.  Comparisons  were  made 
using  Analysis  of  Variance  and  Duncan  s  Multiple  range  for  means  separation  (p  = 
0.05).  Standard  error  of  the  means  were  calculated  for  total  area  and  total  dry  mass 
values. 

Total  dry  mass  and  total  area  means  for  attached  cytoplasmic  droplets  were 
24.1  ±  2.6  pg  and  2.5  ±  0.3  X  10'7cm2.  For  detached  cytoplasmic  droplets,  these 
means  were  25.0  ±  4.6  pg  and  2.3  ±  0.3  x  10  'em2.  Since  there  were  no  statistical 
differences  between  total  area  and  dry  mass  values  for  attached  and  detached 
cytoplasmic  droplets,  these  values  were  combined  and  resulted  in  means  of 
24.6  ±  2.6  pg  and  2  .4  ±  0.1  X  10"7cm2.  A  correlation  coefficient  between  area 
and  dry  mass  was  calculated  to  be  r  =  0.86.  A  unit  dry  mass  (total  dry  mass/total 
area)  of  10.2  X  10~5  g/cm2  was  calculated  from  the  combined  values. 

We  accept  the  null  hypothesis  that  the  dry  mass  and  area  means  of  attached 
and  detached  cytoplasmic  droplets  in  the  fluid  from  vas  deferens  are  not  statistically 
different  and  extend  the  findings  of  Russell  et  al  (1981)  on  the  similarities  of  these 
two  types  of  droplets.  More  important  to  us  is  the  demonstration  that  quantitative 
interference  microscopy  may  be  useful  to  researchers  seeking  to  test  the  null 
hypothesis  that  these  highly  organized  structures  are  functionless  cytoplasmic 
remnants  and  play  no  role  in  motility  and  storage.  Similarly,  the  method  may  prove 
helpful  to  those  who  will  study  the  origin  of  droplets,  changes  in  the  droplets 
during  maturation  of  spermatozoa,  and  changes  in  droplets  that  may  occur  in 
senescence  of  spermatozoa. 
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ABSTRACT 

A  total  of  405  taxa  of  vascular  plants,  of  which  46  are  first  reported  for 
Effingham  County,  have  been  collected  at  Rock  Cave  Natural  Area.  Also,  a  woody 
vegetation  survey  of  an  upland  and  a  lowland  forest  was  completed  in  the  study 
area.  The  upland  forest  is  dominated  by  Quercus  alba  L.  (IV  of  162),  while  Q. 
velutina  Lam.  (IV  of  86)  and  Cartja  tomentosa  (Poir.)  Nutt.  (IV  of  30)  are  also 
important  components.  The  common  taxa  of  the  lowland  forest  include  Acer 
saccharum  Marsh.  (IV  of  71),  Q.  alba  (IV  of  64),  C.  cordiformis  (Wang.)  K.  Koch. 
(IV  of  34)  and  Tilia  americana  L.  (IV  of  29). 

INTRODUCTION 

The  80  acre  Rock  Cave  Natural  Area,  owned  by  The  Nature  Conservancy,  is 
located  about  6  miles  south  of  Beecher  City,  Effingham  County,  Illinois  (SWUi  Sec 
30  T8N  R4E).  It  is  situated  on  the  Illinois  glacial  till  plain  about  15  miles  south  of 
the  Shelbyville  Moraine,  the  terminal  moraine  of  Wisconsin  glaciation.  Due  to  the 
long  period  of  time  since  glaciation,  much  of  the  area  has  been  extensively 
dissected  by  the  down-cutting  of  streams,  forming  steep-sided  ravines  and  valleys. 
As  a  result,  along  Cedar  Creek  and  some  of  its  tributaries  in  the  natural  area,  are 
occasional  sandstone  outcrops  and  steep  hillsides  that  are  more  than  30  feet  high. 

During  the  present  study  a  woody  vegetation  survey  was  undertaken  in  an 
upland  and  a  lowland  forest  in  the  natural  area.  Also,  a  list  of  the  vascular  plant 
species  was  obtained  by  making  numerous  trips  to  the  area  during  the  past  six 
years. 


MATERIALS  AND  METHODS 

Both  the  upland  and  the  lowland  forests  were  sampled  using  a  3  BAF  metric 
wedge  prism.  The  study  plots  were  randomly  located  about  40  m  apart  along  a 
compass  line  through  the  area.  The  total  number  of  individuals  of  each  species  in 
each  plot  was  recorded  (Dilworth  and  Bell,  1976).  From  these  data  the  basal  area 
(m2/ha),  relative  dominance,  and  relative  frequency  for  each  species  was  deter¬ 
mined  using  the  following  formulas. 
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Basal  Area  (m2/ha)  =  Total  stems  of  a  species  X  0.15 

Relative  Dominance  =  Total  individuals  of  a  species  X  100 

Total  individuals  of  all  species 

Relative  Frequency  =  Total  plots  of  occurrence  of  a  species  X  100 

Total  plots  of  occurrence  of  all  species 

At  every  other  sample  point  for  the  metric  wedge  prism  a  0.025  ha  circular  plot 
was  located.  In  these  plots  the  trees  were  tallied  by  species  into  10  cm  d.b.h. 
diameter  classes.  From  these  data  the  density,  relative  density,  and  density  by 
diamater  class  was  determined  for  each  species  using  the  following  formulas. 

Density  (ha)  =  Total  stems  of  a  species  X  4 

Density  (ha)  by  diameter  class  =  Total  individuals  of  a  species  X  4 

in  a  diameter  class 

Relative  density  =  Total  individuals  of  a  species  X  100 

Total  individuals  of  all  species 

The  Importance  Value  (IV)  of  each  species  was  then  calculated  to  provide  a 
better  basis  for  comparison  of  the  various  species  in  the  forest  areas  studied.  As 
used  here  the  determination  of  the  IV  follows  the  procedure  outlined  by  McIntosh 
(1957)  and  later  Roggess  (1964)  in  which  the  IV  is  the  sum  of  the  relative  frequency, 
relative  density,  and  relative  dominance.  The  nomenclature  used  follows  Mohlenbrock 
(1975). 


RESULTS  AND  DISCUSSION 

Rock  Cave  Natural  Area  contains  remnants  of  the  typical  forests  associated  with 
the  Effingham  Plain  Section  of  the  Southern  Till  Plain  Natural  Division  (Schwegman, 
1973).  Listed  below  are  the  community  types  found  in  the  natural  area  along  with  a 
short  description,  and  the  plants  associated  with  each  community  type. 

Upland  Forest  Community:  Most  of  the  natural  area  is  dominated  by  an  upland 
forest  that  varies  in  composition  depending  on  topography  and  past  disturbances. 
Quercus  alba  L.  is  the  most  important  species  with  an  IV  of  162,  averaging  14.7  m2 
of  basal  area,  and  428  stems  per  hectare  (Table  1).  Most  of  the  stems  are  in  the  1-2 
and  2-3  dm  diameter  classes,  though  a  few  larger  stems  are  scattered  throughout 
the  forest.  On  drier  sites  Q.  velutina  Lam.  becomes  more  common,  while  on 
hillsides  and  other  mesic  sites  Q.  rubra  L.  increases  in  importance.  On  the 
northern  part  of  the  natural  area  the  upland  forests  show  evidence  of  more  recent 
disturbance,  with  most  of  the  trees  in  the  1-2  dm  diameter  class,  and  the  few  larger 
individuals  have  an  open-grown  appearance.  Common  understory  trees  and  shrubs 
include  Ceanotkus  americatius  L.,  Cornus  florida  L.,  Rubus  allegeniensis  Porter., 
and  Toxicodendron  radicans  (L.)  Kuntze. 

Lowland  Forest  Community:  Along  the  tributary  of  Cedar  Creek  that  drains  the 
southwestern  part  of  the  natural  area  is  the  best  example  of  lowland  forest.  Fifteen 
tree  species  are  found  here  (Table  1),  with  Acer  saccharum  Marsh.,  Quercus  alba 
L.,  and  Carya  cordiforrnis  (Wang.)  K.  Koch,  accounting  for  over  half  of  the  basal 
area  and  stems  per  hectare.  Other  common  species  are  Tilia  americana  L.,  Juglans 
nigra  L.,  Q.  rubra  L.,  Fraxinus  pennstjlvanica  Marsh,  and  Platanus  occidentals  L. 
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This  forest  is  fairly  immature  as  half  of  the  stems  are  in  the  1-2  dm  diameter  class. 
Common  understory  shrubs  include  Lindera  benzoin  (L.)  Blume.,  Asimina  triloba 
(L.)  Dunal.,  Staphylea  trifolia  L.  and  Hydrangea  arborescens  L.  The  only  specimen 
of  Fagus  grandifolia  Ehrh.  in  the  natural  area  is  found  along  this  tributary. 

The  forest  along  Cedar  Creek  is  more  disturbed  and  more  often  flooded  than 
the  one  surveyed,  and  has  a  floristic  composition  typical  of  a  lowland  terrace  forest. 
Commonly  encountered  species  are  Acer  negundo  L.,  A.  saccharinum  L.,  Platanas 
occidentals  L.,  Ulmus  americana  L.,  Populus  deltoides  Marsh.,  Juglans  nigra  L., 
and  Celtis  occidentals  L.  Most  of  the  trees  are  in  the  1-2  dm  diameter  class. 
Open  Disturbed  Community:  This  community  type  occurs  along  the  pipeline 
right-of-way  that  traverses  the  area,  and  along  route  128  on  the  west  edge  of  the 
natural  area.  Here  Festuca  pratensis  Huds.  is  dominant  while  other  common 
species  are  Danthonia  spicata  (L.)  Beauv.,  Phleum  pratense  L.,  Bromus  commutatus 
Schrad.,  Erigeron  anmius  (L.)  Pers.,  Lactuca  canadensis  L.,  Potentilla  simplex 
Michx.,  Rumex  acetosella  L.,  Ceanothus  americanus  L.,  Rhus  glabra  L.,  and 
Rubus  allegeniensis  Porter. 

Successional  Field  Community:  A  successional  field  about  10  acres  in  size  occurs 
in  the  northwestern  part  of  the  natural  area.  This  area  was  probably  cultivated 
about  15  years  ago,  and  is  now  in  the  early  tree  stage  of  succession.  Dominant 
shrubs  are  Ceanothus  americanus  L.,  Cornus  drummondii  C.  A.  Mey.,  C.  racemosa 
Lam.,  Rhus  glabra  L.,  Rubus  allegeniensis  Porter,  and  R.  occidentals  L.,  while  the 
common  trees  are  Quercus  velutina  Lam.,  Q.  imbricaria  Michx.,  Diospyros 
virginiana  L.,  Sassafras  albidum  (Nutt.)  Nees.,  and  Prunus  serotina  Ehrh.  Many  of 
the  herbaceous  species  in  the  open  disturbed  community  occur  here.  The  dominant 
herbaceous  species  of  this  community  are  Schizachyrium  scoparium  (Michx.) 
Nash.,  Danthonia  spicata  (L.)  Beauv.,  and  various  species  of  Panicum. 

Sandstone  Cliff  Community:  A  few  standstone  cliffs  occur  along  Cedar  Creek  and 
its  tributaries  in  the  natural  area.  Few  vascular  plants  occur  here,  but  on  the  thin 
soil  of  ledges  and  at  the  tops  of  the  cliffs  some  taxa  are  found.  The  most  commonly 
encountered  are  Arabis  laevigata  (Muhl.)  Poir. ,  Aralia  racemosa  L.,  Cystopteris 
fragilis  (L.)  Bernh.,  Dodecatheon  meadia  L.,  Hydrangea  arborescens  L.,  Luzula 
multiflora  (Retz.)  Lejeune.,  Pedicularis  laneolata  Michx.,  Polystichum  acrostichoides 
(Michx.)  Schott,  and  Ranunculus  harveyi  (A.  Gray)  Britt. 

Hillside  Seep  Community:  On  the  bank  and  hillside  along  a  small  tributary  of 
Cedar  Creek  in  the  extreme  northwest  corner  of  the  natural  area  is  a  small  hillside 
seep.  This  seep,  which  was  probably  disturbed  when  route  128  was  improved,  is 
dominated  by  Impatiens  biflora  Walt.  Other  common  species  are  Glyceria  striata 
(Lam.)  Hitchcock.,  Elymus  virginicus  L.,  Bromus  pubescens  Muhl.,  Carex  vulpinoidea 
Michx.,  Arisaema  dracontium  (L.)  Schott.,  Erigeron  annutis  (L.)  Pers. 

A  total  of  405  taxa  of  vascular  plants  in  85  families  were  found  in  the  Rock  Cave 
Natural  Area.  Of  the  taxa  collected,  16  are  ferns,  fern-allies,  and  gymnosperms,  100 
are  monocots,  and  289  are  dicots.  Of  these  taxa,  46  have  not  been  reported 
previously  for  Effingham  County  by  Mohlenbrock  and  Ladd  (1978)  or  Shildneck, 
Jones,  and  Miihlenbach  (1981).  These  taxa  are  listed  below  with  the  collecting 
information. 

Agastache  nepatoides  (L.)  Ktze.  Ebinger  20691.  Hillside  seep. 

Aralia  racemosa  L.  Ebinger  18358.  Sandstone  cliff. 

Aristolochia  serpentaria  L.  Ebinger  20625.  Moist,  hillside  forest. 
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Asclepias  exaltata  L.  Ebinger  17916.  Lowland  forest. 

Aster  lateriflorus  (L.)  Britt.  Ebinger  20687.  Lowland  forest. 

Aster  parviceps  (Burgess)  Mack.  &  Bush.  Ebinger  20720.  Disturbed  area. 
Athyrium  filix-femina  (L.)  Roth.  var.  rubellwn  Gilb.  Ebinger  20643.  Hillside 
seep. 

Belamcanda  chinensis  (L.)  DC.  Ebinger  18249.  Successional  field. 

Boehmeria  cylindrica  (L.)  Sw.  Ebinger  18277.  Lowland  forest. 

Bromus  commutatus  Schrad.  Ebinger  17863.  Open,  disturbed  area. 

Bromus  pubescens  Muhl.  Ebinger  20646.  Hillside  seep. 

Cacalia  atriplicifolia  L.  Ebinger  20680.  Lowland  forest. 

Carex  albolutescens  Schw.  Ebinger  17859.  Edge  of  road. 

Carex  gracilescens  Steud.  Ebinger  17650.  Lowland  forest. 

Carex  hystricina  Muhl.  Ebinger  20638.  Edge  of  stream. 

Carex  lupulina  Muhl.  Ebinger  17777.  Lowland  forest. 

Carex  muhlenbergii  Schk.  Ebinger  17760.  Open,  disturbed  area. 

Carpinus  caroliniana  Walt.  Ebinger  18287.  Lowland  forest. 

Carya  glabra  (Mill.)  Sweet.  Ebinger  17927.  Upland  forest. 

Cirsium  altissimum  (L.)  Spreng.  Ebinger  18344.  Lowland  forest. 

Cornus  florida  L.  Ebinger  17632.  Upland  forest. 

Crotonopsis  elliptica  Willd.  Ebinger  20702.  Upland  forest. 

Datura  stramonium  L.  Ebinger  18234.  Edge  of  stream. 

Desmodium  dillenii  Dari.  Ebinger  20742.  Open,  disturbed  area. 

Desmodium  glutinosum  (Muhl.)  Wood.  Ebinger  18306.  Upland  forest. 
Echinochloa  crus-galli  (L.)  Beauv.  Ebinger  18233.  Edge  of  stream. 

Gerardia  tenuifolia  Vahl.  Ebinger  20711.  Open,  disturbed  area. 

Helianthus  tuberosus  L.  var.  subcanescens  Gray.  Ebinger  20728.  Field. 
Hieracium  scabrum  Michx.  Ebinger  20698.  Upland  forest. 

Krigia  dandelion  (L.)  Nutt.  Ebinger  17801.  Upland  forest. 

Loportea  canadensis  (L.)  Wedd.  Ebinger  20633.  Lowland  forest. 
Muhlenbergia  schreberi  J.  E  Gmel.  Ebinger  20700.  Upland  forest. 
Ophioglossum  vulgatum  L.  Ebinger  17623.  Lowland  forest. 

Osmorhiza  longistylis  (Torr.)  DC.  Ebinger  17622.  Lowland  forest. 

Osmunda  claytoniana  L.  Ebinger  17900.  Hillside  forest. 

Panicum  depauperatum  Muhl.  Ebinger  20651.  Open,  disturbed  area. 

Panicum  polyanthes  Schult.  Ebinger  20654.  Successional  field. 

Phalaris  arundinacea  L.  Ebinger  17924.  Edge  of  stream. 

Salix  interior  Rowlee.  Ebinger  17807.  Edge  of  stream. 

Senecio  glabellus  Poir.  Ebinger  17785.  Open,  disturbed  area. 

Silene  nivea  (Nutt.)  Otth.  Ebinger  17922.  Edge  of  creek. 

Smilax  hispida  Muhl.  Ebinger  20628.  Upland  forest. 

Spiranthes  tuberosa  Raf.  Ebinger  20706.  Upland  forest. 

Thelypteris  hexagonoptera  (Michx.)  Weatherby.  Ebinger  17912.  Lowland  forest. 
Viola  triloba  Schwein.  Ebinger  17643.  Open,  disturbed  area. 

Vulpia  octoflora  (Walt.)  Rydb.  Ebinger  17756.  Open,  disturbed  area. 
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CAREX  x  DEAM1I  HERM. 
(CYPERACEAE)  IN  ILLINOIS 

Wiliam  J.  Hess 

The  Morton  Arboretum,  Lisle,  IL  60532 

and 

Paul  Shildneck 

420  Kirk  Drive,  Mt.  Zion,  IL  62549 

ABSTRACT:  Carex  X  deamii  Herm.  is  reported  from 
Illinois  for  the  first  time. 

In  1926  Charles  C.  Deam  collected  a  sterile  Carex  from  Pike  County,  Indiana. 
Eight  years  later,  E  J.  Hermann  collected  this  Carex  at  the  same  site.  Hermann 
(1938)  named  it  Carex  x  deamii  and  suggested  that  it  was  a  hybrid  of  C.  shortiana 
Dewey  and  C.  typhina  Michx.  Steyermark  (1963)  reported  collections  of  this 
putative  hybrid  from  four  widely  scattered  locations  in  Missouri  and  suggested  that 
C.  squarrosa  might  also  hybridize  with  C.  shortiana  to  yield  the  sterile  plant.  We 
now  report  the  first  documented  occurrence  of  Carex  X  deamii  Herm.  in  Illinois. 

Shildneck  found  five  clumps  of  the  plant  on  14  June  1976  (C-7917)  in  a  shallow 
ditch  on  the  north  shoulder  of  a  road  in  the  southwest  corner  of  Macon  County, 
Illinois.  The  clumps  were  scattered  in  the  ditch  for  about  100  meters.  The 
collection  site  is  on  the  north-bank  floodplain  of  the  Sangamon  River  near  the 
center  of  S  25,  R  1  W,  T  16  N.  The  road  right-of-way  flora  indicated  the  pre-road 
habitat  was  low  prairie.  Shildneck  made  additional  collections  of  the  plant  at  the 
same  site  on  7  July  1976  (C-7976),  12  June  1977  (C-8189),  14  June  1979  (C-11117) 
and  4  July  1979  (C-11204).  At  least  one  specimen  of  the  collections  is  deposited  in 
the  following  herbaria:  ILL,  ISM,  MBG,  MOR,  MUHW  and  SIU. 

Numerous  other  species  of  Carex  were  associated  with  C.  X  deamii  and,  in 
decreasing  order  of  abundance  as  recorded  by  Shildneck,  they  were:  C.  lupuliformis 
Startwell,  C.  squarrosa  L.,  C.  annectens  Bickn.,  C.  molesta  Mack.,  C.  normalis 
Mack.,  C.  shortiana  Dewey  and  C.  davisii  Schwein.  &  Torr.  Other  plants  noted  at 
the  site  were:  Lobelia  cardinalis  L.,  Hypericum  sphaerocarpum  Michx.,  Anemone 
canadensis  L.  and  Z izia  aurea  (L.)  Koch.  No  Carex  typhina  could  be  found  at  the 
site  nor  has  Shildneck  seen  this  sedge  in  Macon  County,  although  it  is  reported 
therefrom  by  Mohlenbrock  and  Ladd  (1978) 

At  the  Field  Museum,  Hess  has  compared  Shildneck’s  collections  of  C.  X 
deamii  with  an  isotype  and  several  of  Steyermark’s  Missouri  collections  of  that 
taxon.  The  Illinois  material  is  quite  comparable  with  these  specimens  in  the  Field 
Museum.  Dan.  K.  Evans  (pers.  com.)  and  Hess  each  have  examined  some  pollen 
grains  from  Shildneck’s  collections  using  the  stain  Cotton  Blue  in  lactophenol  and 
found  the  grains  to  be  non-viable.  The  perigynia  are  quite  plump  but  the  sharply 
trigonous  achenes  are  obviously  atrophied.  These  plants  are  probably  of  hybrid 
origin  but  the  parents  are  not  clearly  indicated  because  the  morphological  features 
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of  the  hybrid  are  shared  among  C.  shortiana,  C.  squarrosa  and  C.  typhina.  The 
hybrid  occurs  with  C.  shortiana  and  various  combinations  of  the  other  two  sedges. 
Further  testing  of  Carex  x  deamii  Herm.  is  needed  to  pass  judgment  on  the 
probable  parentage  of  this  interesting  sedge. 
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A  SIMPLE  AND  INSTRUCTIVE 
NON-LINEAR  SYSTEM 

by 

Gary  Kessler 
Department  of  Physics 
Illinois  Wesleyan  University 
Bloomington,  IL  61701 


ABSTRACT 

A  simple  intrinsically  non-linear  oscillator  is  discussed  which  has  several 
interesting  pedagogical  aspects.  The  system  also  lends  itself  to  easy  solution  by  both 
digital  and  analog  techniques. 


INTRODUCTION 

Most  undergraduate  texts  in  mechanics  treat  the  subject  of  nonlinear  oscilla¬ 
tions  in  some  way,  the  most  common  examples  being  the  physical  pendulum  or  the 
anharmonic  oscillator.  In  both  of  these  cases  the  problem  reduces  to  solving  an 
equation  of  the  form 


••  2  2,3  4 

x  +  a)  x  =  a  x  +  bx  +  cx 


(1) 


which  is  usually  solved  by  a  perturbation  approach.  In  “Classical  Dynamics”, 
(Marion,  1970)  the  author  mentions  a  system  which  is  intrinsically  non-linear  (see 
figure  1).  Two  springs  are  connected  to  each  other  in  a  straight  line  with  the  outer 
two  ends  fixed  rigidly  to  some  support.  At  the  junction  of  the  two  unstretched 
springs,  a  mass  is  attached  and  pulled  aside  perpendicular  to  the  longitudinal  axis  of 
the  springs.  It  is  then  let  go  and  allowed  to  move  freely.  Marion  does  show  that  the 
equation  of  motion  is  given  by 


•  • 

x 


-  (■ 


mL 


2 


-)  x 


3 


x  <  <  L 


(2) 


which  is  clearly  non-linear.  No  further  discussion  of  this  problem  is  presented  and 
the  text  quickly  moves  on  to  the  discussion  of  perturbation  theory  as  applied  to 
equation  (1).  Modest  references  to  this  problem  are  found  in  the  literature  (Slee, 
1971)  and  (Thomchick  and  McKelvey,  1978),  but  the  former  uses  a  virial  theorem 
approach  and  proceeds  to  numerical  integration  without  mentioning  the  elliptic 
integral  solution,  while  the  latter  treats  to  problem  much  as  does  Marion. 

The  problem  just  described  however,  does  present  some  very  interesting 
pedagogical  items,  such  as  1)  a  qualitative  analysis  through  the  use  of  potential 
energy  diagrams,  2)  the  use  of  dimensionless  variables,  3)  an  introduction  to 
solution  by  elliptic  integral  tables  and  4)  a  comparison  of  simple  digital  and  analog 
computer  solutions. 
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SOLUTION  OF  THE  PROBLEM  AND  DISCUSSION 

Since  the  force  varies  as  —  x3  we  see  that  the  potential  energy  U(x)  ~  x4  and 
is  a  symmetric  function.  Because  the  total  energy  must  always  be  greater  than  or 
equal  to  the  potential  energy,  E  5=  U,  the  motion  must  be  periodic.  Most  students 
will  easily  recognize  this  by  quickly  sketching  the  function,  although  to  prove  it  is 
somewhat  more  difficult. 

Equation  (2)  may  be  made  more  useful  by  introducing  the  dimensionless 
variables  Q  =  x/A  and  T  =  At  1/2  where  A  is  the  amplitude  thus  giving  us 

the  simple  equation 

Q"  =  -  Q3  (3) 

which  is  deceptively  simple!  A  straightforward  analysis  will  lead  to  elliptic  integrals, 
as  we  shall  see  shortly,  but  it  should  be  pointed  out  first  that  most  perturbation 
approaches  fail  to  produce  a  solution  for  this  is  a  case  where  the  main  term  is  the 
perturbation,  namely  Q3,  and  it  cannot  be  treated  as  if  it  were  small.  Students 
ought  to  try  solutions  of  the  form, 

Q  =  A  cos  T  +  B  cos  3T  (4) 

as  is  usually  done  in  such  cases  and  see  for  themselves  that  A  and  B  are  really 
functions  of  T.  Different  values  can  be  obtained  for  limited  ranges,  but  even  then 
the  solution  depends  on  the  approximations  made  and  ^he  desired  accuracy. 

In  any  event,  equation  (3)  may  be  multiplied  by  Q'dT  and  integrated  to  give 


where  the  initial  conditions  T  =  O,  Q  =  1,  Q'  =  O  are  used  to  find  the  constants  of 
integration.  The  substition  Q  =  cos  0  then  transforms  this  equation  into 


T 


(6) 
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which  is  the  standard  form  of  an  elliptic  integral 


(7) 


where  K  —  sin  v|/  =  1/V2,  or  i|/  =  45°.  For  the  first  quarter  cycle  that  is,  0 
Q  1  this  can  be  evaluated  easily  using  the  standard  tables.  Since  undergraduates  do 
this  rarely,  meeting  elliptic  integrals  only  in  the  physical  pendulum  and  the 
potential  of  a  disc,  the  practice  on  such  a  simple  example  is  instructive.  The  results 
are  presented  in  the  first  three  columns  of  Table  I. 

Finally,  the  basic  equation  Q"  =  —  Q3  is  equivalent  to  the  two  linear  first 
order  equations 

3 

P’  =  -  Q 


Q 


f 


=  p 


(8) 


which  are  very  amenable  to  solution  by  the  Runge-Kutta  method  on  a  digital 
computer,  or  by  solution  on  a  small  analog  computer  such  as  the  TR-20.  These 
techniques  can  be  applied  without  much  confusion  by  the  student  encountering 
them  for  the  first  time.  The  Runge-Kutta  method  is  so  simple  to  apply  that  students 
need  not  know  numerical  analysis  in  order  to  apply  it  or  to  program  it.  For 
comparison  an  ordinary  simple  harmonic  oscillator  solution  is  included  in  the 
program  as  indicated  in  the  appendix.  The  results  of  the  calculation  are  shown  in 
Table  I  while  figures  2  and  3  display  the  analog  program  and  graphical  solution 
respectively. 

It  is  not  always  apparent  to  a  student  that  an  equation  which  appears  to  be 
simple  can  indeed  be  horrendous,  or  vice  versa.  The  fact  that  so  many  nice 
techniques  can  be  brought  to  bear  with  relative  ease  on  a  simple  equation  is  of 
great  value  in  the  classroom. 
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APPENDIX 

Listing  of  the  computer  program  used  to  solve  equation  (3).  It  is  written  in 
BASIC  for  use  on  the  Apple  II  computer.  The  printout  also  tabulates  a  simple 
harmonic  oscillator  (position  and  velocity)  to  allow  a  useful  comparison. 
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Table  I.  Column  three  shows  the  solution  to  equation  (3)  from  elliptic  integral 
tables.  Column  four  shows  the  computer  values  of  Q  for  the  corresponding  times  T, 
of  column  three. 


TABLE  I 


Q  =  x/A 

<f>cos 1(x/A),  (deg.) 

T  (tables) 

Q  (computer) 

1.0 

0. 

0. 

1. 

0.9 

25.8 

0.46 

0.899 

0.8 

36.9 

0.66 
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0.7 

45.6 
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0.6 
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0.3 
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0.300 

0.2 

78.5 

1.57 

0.194 

0.1 

84.3 

1.71 

0.095 

0.0 

90. 

1.85 

0.004 

A)  B) 

Figure  1.  An  intrinsically  non-linear  system:  a)  in  the  equilibrium  position  and  b)  displaced  a  small 
distance  X  from  equilibrium. 
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An  Instructive  Non-Linear  System 


0 


1.85 


T 


(computer 


seconds ) 


Figure  3.  Solution  to  equation  (3)  recorded  directly  from  an  x-y  plotter.  Note  how  much  more  linear  this 
is  near  the  zero’s  than  the  corresponding  cosine  curve. 
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ABSTRACT 

Aquatic  macrophyte  communities  of  warm  water  pond  in  the  Shelbyville 
moraine  area  were  studied  during  the  summer  of  1979.  Frequency,  relative 
frequency,  and  frequency  of  dominance  were  calculated  for  the  taxa  found.  Species 
commonly  encountered  were  Chara  globularis  Thuill.,  Lemna  minor  L.,  Najas 
guadalupensis  (Spreng.)  Magnus.,  Potamogeton  foliosus  Raf.,  and  P  pusillus  L. 
Tests  for  association  between  the  various  taxa  revealed  four  positive  associations, 
while  no  negative  associations  were  shown. 

INTRODUCTION 

The  present  study  was  undertaken  to  determine  the  frequency,  dominance, 
sociability,  and  degree  of  association  of  aquatic  macrophytes  of  warm  water  pond  in 
the  Shelbyville  moraine  area  of  east-central  Illinois.  The  area  studied  was  chosen 
because  of  its  glacial  history,  and  because  two  distinct  vegetation  types  occur  here 
(Schwegman,  1973).  The  terminal  Shelbyville  moraine  of  Wisconsin  glaciation 
extends  across  the  southern  part  of  Coles  County  and  reaches  only  the  extreme 
north-central  part  of  Cumberland  County.  The  topography  and  soils  of  the  greater 
part  of  Cumberland  County,  therefore  are  largely  determined  by  Illinois  glaciation. 
(Smith  et  al,  1929).  The  area  north  of  the  moraine,  in  Coles  and  Douglas  Counties, 
are  for  the  most  part  flat  to  gently  rolling  and  consist  of  dark-colored,  poorly 
drained  prairie  soils  (Hallbick  and  Fehrenbacher,  1971).  The  terminal  moraine 
region  is,  in  general,  undulating  to  gently  rolling,  with  light-colored  timbered  soils 
that  are  generally  better  drained. 

MATERIALS  AND  METHODS 

During  the  summer  of  1979  a  total  of  98  water  ponds  were  sampled  for  aquatic 
macrophytes.  Of  the  habitats  sampled,  33  are  north  of  the  moraine,  (12  in  Douglas 
and  21  in  Coles  County),  51  are  located  within  the  moraine  in  Coles  County,  with 
the  remaining  14  being  located  south  of  the  moraine  in  Cumberland  County.  At 
each  pond  the  abundance  of  each  taxon  and  the  dominant  species  present  was 
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determined.  The  nomenclature  used  follows  Mohlenbrock  (1975)  and  Ebinger  and 
Vogel  (1977). 

From  the  data  obtained  the  frequency,  relative  frequency,  and  frequency  of 
dominance  were  calculated  for  each  aquatic  species  using  the  following  formulas. 

Frequency  (%)  =  Total  habitats  of  occurence  of  a  species  X  100 

Total  habitats  sampled 

Relative  Frequency  =  Total  habitats  of  occurence  of  a  species  X  100 

Total  habitats  of  occurence  of  all  species 

Frequency  of  =  Total  habitats  of  occurence  of  a  species  as  a  dominant  X  100 
Dominance  Total  habitats  of  occurence  of  a  species 

The  degree  of  association  of  each  species  was  calculated  using  the  procedure 
outlined  by  Poole  (1974)  for  small  sample  size  and  for  small  cell  totals  using  a  2  x  2 
contingency  table.  This  “exact  test  for  independence  was  used  over  the  chi-square 
test  for  association  to  eliminate  the  bias  resulting  from  small  sample  size.  Also,  by 
using  this  test,  both  positive  and  negative  associations  could  be  detected. 

RESULTS  AND  DISCUSSION 

A  total  of  22  aquatic  macrophytes  were  found  during  the  present  study.  These 
species  are  listed  in  Table  1  with  the  number  of  location  in  which  each  was  found, 
their  frequency  and  relative  frequency  north,  south,  and  within  the  terminal 
moraine.  For  the  purpose  of  this  study,  those  taxa  having  relative  frequencies 
greater  than  the  mean  within  the  three  areas  are  considered  common.  This  results 
in  Chara  globularis,  Lemna  minor,  Najas  quadalupensis,  Potamogeton  foliosus  and 
P.  pusillus  being  common  north  of  the  moraine  (Rel.  Freq.  >  8);  L.  minor,  N. 
quadalupensis,  N.  minor,  P  foliosus,  and  P  pusillus  being  common  on  the  moraine 
(Rel.  Freq.  >  7);  and  L.  minor,  N.  quadalupensis,  P  foliosus,  and  P  nodosus  being 
common  south  of  the  moraine  (Rel.  Freq.  >  8). 

Most  of  the  taxa  were  found  throughout  the  study  area.  A  few,  however, 
occurred  only  north,  or  south  of  the  moraine.  During  the  present  study  Chara 
inconnexa,  Potamogeton  pectinatus,  and  Ranunculus  longirostris  were  observed 
only  on  and  north  of  the  moraine,  while  C.  foliolosa,  Jussiaea  repens,  and  P 
diversifolius  were  found  only  on  and  south  of  the  moraine  (Table  1).  Similar  results 
were  obtained  by  Dolbeare  and  Ebinger  (1974),  Ebinger  and  Volgel  (1977), 
Mohlenbrock  and  Ladd  (1978),  and  Vogel  and  Ebinger  (1979). 

A  few  of  the  taxa  encountered  exhibit  a  high  frequency  of  dominance  (Table  2). 
The  reader  is  reminded  that  this  figure  is  not  only  dependent  on  the  number  of 
times  a  species  was  found  as  a  dominant,  but  also  on  the  total  number  of  times  the 
taxon  was  found.  If  a  species  is  encountered  twice  and  is  found  as  a  dominant  once, 
the  accuracy  of  this  figure  is  reduced  due  to  the  lack  of  a  representative  sample.  In 
an  effort  to  partially  eliminate  this  bias,  the  frequency  of  dominance  was  calculated 
after  the  results  from  the  three  areas  were  combined.  Of  the  common  taxa,  only 
Najas  minor  was  the  dominant  species  in  over  half  of  the  locations  in  which  it  was 
found.  This  species,  although  it  was  never  the  only  taxon  present  in  a  habitat,  was 
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observed  on  many  occasions  to  occur  in  such  abundance  as  to  completely  fill  the 
body  of  water,  nearly  to  the  exclusion  of  the  other  species  present.  Other  common 
taxa  with  relatively  high  frequencies  of  dominance  include  N.  quadalupensis  (45%), 
P  foliosus  (29%),  and  P.  pusilus  (29%). 

A  fairly  high  degree  of  sociability  is  exhibited  by  most  of  the  taxa  commonly 
encountered.  Even  those  taxa  that  exhibit  a  high  frequency  of  dominance  were 
found  to  occur  more  often  with  one  or  more  other  species  than  as  the  only  species 
present  (Table  2).  In  most  instances  this  sociability  was  fairly  random,  as  few 
definite  associations  were  found.  Tests  for  associations  between  the  various  taxa 
revealed  only  4  positive  associations  (P<  .05).  No  significant  negative  associations 
were  found.  Those  taxa  showing  positive  associations  are  Potamogeton  foliosus  with 
Chara  globularis;  P  pusillus  with  P  nodosus;  and  Najas  minor  with  N.  quadalupensis 
and  P  pusillus. 


LITERATURE  CITED 

Dolbeare,  B.  and  J.  E.  Ebinger.  1974.  Distribution  of  the  common  vascular  hydrophytes  in  Illinois. 
Trans.  Ill.  St.  Acad.  Sci.  67:402-417. 

Ebinger,  J.  E.  and  R.  L.  Vogel.  1977.  Distribution  of  Chara  species  in  Illinois.  Trans.  Ill.  St.  Acad.  Sci. 
70:96-100. 

Hallbick,  D.  C.  and  J.  B.  Fehrenbacher.  1971.  Soil  survey  of  Douglas  County,  Illinois.  U.  S.  Dept.  Agr., 
Ill.  Agr.  Sta.  Soil  Rep.  No.  89. 

Mohlenbrock,  R.  H.  1975.  Guide  to  the  vascular  flora  of  Illinois.  Southern  Illinois  University  Press, 
Carbondale  and  Edwardsville. 

Mohlenbrock,  R.  H.  and  D.  M.  Ladd.  1978.  Distribution  of  Illinois  vascular  plants.  Southern  Illinois 
University  Press,  Carbondale  and  Edwardsville. 

Poole,  R.  W.  1974.  An  introduction  to  quantitative  ecology.  McGraw-Hill  Inc.,  New  York. 

Schwegman,  J.  1973.  Comprehensive  plan  for  the  Illinois  Nature  Preserves  System.  Part  2.  The  natural 
divisions  of  Illinois.  Illinois  Nature  Preserves  Commission,  Rockford. 

Smith,  R.  S.,  E.  E.  DeTurk,  E  C.  Bauer,  and  L.  H.  Smith.  1929.  Coles  County  Soils.  Ill.  Agr.  Exp.  Sta. 
Soil  Rep.  No.  44. 

Vogel,  R.  L.  and  J.  E.  Ebinger.  1979.  Frequency  of  aquatic  macrophytes  in  east-central  Illinois.  Trans. 
Ill.  St.  Acad.  Sci.  72:37-41. 


146 


Aquatic  Macrophytes 


0 

-c 

-4-> 

g 

o 

T5 

G 

03 


3 

O 

C/3 


0 

o 

c 

"d 

> 

u 

0 

C/3 

00 

O 

c/3 

0 

-M 

>» 

00 

a 

o 

J-H 

3 

£ 


oj 

3 

a1 

03 


C/D 

3 

O 

-M 

03 

O 

o 


!h 

0  C/3 

-$  o 

5  c 
^  =5 

C  HH 

3  0 

rt  3 

ST  8 

G  -M 

6  O 

^  3 

,  PH 

H-H 

8  I 

T3  o3 

o 

8  S 

a  33 
c  *d 

2^  ^ 

CT1  o£ 
<l>  0 
£  JG 
£0  C/D 


0 

3 

£ 


Xou9nb9Jj 

9Al}E[9}J 

X 

H 

P  (%)  A9U9nb9Jj 

c/d 

SUOlJBOOq 

pl°X 

X9U9nb9Jj 

9Ai;ppH 

W 

Z 

HH 

^  (%)  X9U9nb9Jj 

O 

s 

SU0I4B90q 

F1°L 

X9U9nb9Jj 

9Al}B|9}J 

X 

H 

g  (%)  X9U9nb9J^ 

Z 

suoijBOoq 

P1°X 


C/D 

w 

I— t 

u 

w 

Oh 

C/D 


CO 

CM 


O 

LD 


t- 


t  -  t  -  1 

1  00 

I  CO  CO 

1  t -  o 

o 

1  *> 

»-H 

t—  CO 

1 

r-H 

r-H 

r-H 

1  1  ^ 

^  1 

i- 

1  05  t  - 

1  ^ 

r-H 

r-H 

1  ^  1 

Tf  t— 

r-H 

^H 

1 

1  CM 

p-H 

CM 

CM 

r-H  | 

r-H 

CM  CM 


CM  CO  00 


CM 


CM 


CO 


r-H 

^H  LO  C^J  CO  O  »-H 

1  ^ 

1  Tf  CM 

r-H 

LfO  pH 

f-H  r-H 

1  CM 

r-H 

00  r}H 

1  CM  O 

1  CM  GO  Hf  CM 

CO  CM 

1  03 

1  CD  O  1 

r-H 

r—H 

CM 

i— H 

CO 

CM  I 

05  CM 


pH  ID 

1  r-H  CM  r-H  00  ’"H 

1  o 

1  CO  O 

r-H 

^  I 

r-H 

1  CM 

^H 

00 

CM 

I  O  CM 

1  ^ 

1  O  CM  1 

CM  00 

Tfi  O  CM  1 

CM 

r-H 

r-H 

r-H 

CM 

r-H 

1 

t-  1 

CO 

1  ID  CO 

1  05 

i  ID  CO  1 

1  CO  CM 

CD  ID  CO  1 

1  1 

CM  I 

r-H 

r-H 

CO  pH 

*— H 

1  | 

05 


in 


co  i  id 


tf  cm  in 


C/D 

W 

HH 

u 

w 

Oh 

C/D 

o 

z 

HH 

Sj 

n 

[r, 

i  o 

8 
•<s» 


H 

W 

00 

Uh 


G 

0 

"G 

C/D 

-C  W 

0  hh 

c/d  cj 

—  H 
J  Oh 

c/d 

5  Q 

Z8  w 

0  c/d 

o  W 
3. 


C/3 

G 

G 

bJO 

03 


8 

S 


-C 

G 


0 

3 


3 


1  via 

■S 

£ 

3. 

c/d 


oo 

X 

C/D 


-§  s 
s  § 

3  0 
"33.2 

a.  ^ 
o 

S  I 

0  hC 

u  o 


G 

0 


3  w 
00  . 
H  H 


G 

s- 

r<U 


CO 

•r* 

3 

<~o 

3 

-a 

0 

i~«~> 

be 


3 

H 

0 

8 

8 

0 

0 

8 


8  8 

3  3 

-8  -8 
o  u 


x 

0 

G 

•  pH 
-2 
•  5 

j « 

So  0 
•H*  *8 

h  8 
3  e 
bjo-2 
33 
8  c^ 
0  t<* 

0  8 
0  0 
0  0 
-8  -8 
u  o 


be 

G 

cc  0 


8 

0 


Sh 

a 


0  C/D 
so 
0 


8D 

r-*0 

0 

8 

2 

8 


so 

Co 

8 

0  -0 
8  < 


0 

O 

8 


j?  s  ~ 

a.  oo  S 
.§  «0  °0 
C  «  8 

'81  *8* 
^  z  z 


0 

.  8  "c3  S 

J  «  oo  ^ 

/O  c/o 

S3  2  3 

§.  s  §  § 

•s  »l"l 
b  ^  >£,  1 

8  8  8  8 
O  O  O  O 

HH  Ho  "Hi  Hh 
0  0  0  0 
bJD  bJD  bC  b£ 


3  J 

^  Os 

I  ^ 

•H>  '■~H 

HH  *H> 

Cj  Co 
0  8 
58  a 

8  8 
O  O 

Hh  Hh 

0  0 
bJD  bJD 


0 

o 

O 

Co 

0 

Hh 

CO 

8 


15  C/3 

s  H 

C/D  ^ 

-o  w 

cr  Cl, 

a  ™ 
..  &  H 
^  «  Z 
oSW 
—  sO 
« 


C/3 

0  05 

Oh  G 

•  pH 

■  03 
i hh  Oh 


8  8  8  0  0  8 

Hh  Hh  Hh  Hh  Hh  Hh 

-O  -O  -O  _0  _0  .0 

Qh  ^  Bh  Dh  Rh 


8 
0 
8 
8 
8 

0  _ 

QO  N 


8  W 

s 

0  [tD 

0  P 

Hh 

CO 

0 


Transactions  of  the  Illinois  Academy  of  Science 


147 


CD 

© 

03 

© 

G 

cb 

© 

O 


JD 

•  ^ 
> 

£ 

-g 

CO 

0) 

©G 


V3 

CD 

4-> 

-C 

a 

o 

© 

CD 

03 

£ 

o 

.© 

03 

G 

CJ1 

03 

CD 

V3 

© 

<D 


-Q 

G 

C/3 

o 


-Q 

o3 
•  ^ 

O 

o 

V3 

"O 

G 

o3 

0) 

CD 

G 

<3 

G 


S  -I 

-§  G 


>>  G 
«  £ 
£  c 

GD  (V) 

cr  ^ 

CD  ■£ 
,>-*  03 

fc©  CD 


CM 

JD 

3 

£ 


S9I03ds  9JOUI  JO 
99Jip  ipiA\  punoj 


S3I99ds  J9l{}0 
OAV}  ipiA\  punojf 


S9I99ds  J9ipO 
9UO  ipiM  puno^ 


;u9S9id 
S9l99ds  A|U0 


(%)  99URUIUIOQ 

jo  Aougnbgj^ 


}URUIUIOp  SR  [R}OX 


SU0I}R90|  p;OX 


CO 

H 

M 

u 

w 

c© 

CO 


CM  h  h  LO  H  00  CD  i-H  lOO^t^fCD 


CO  Tf 


CM 


1-  CM 


i—i  t  "  CM  I  Tf1 


Tf  I 

!— H 

CO  CM 

CM 

TT  -H 

1 

1 

1 

CM 


CM 


r— i  1 — 


CO 


co  l-  o  o  co  o  in  o 

CO  i— i  O  O  ’■h  O  CD 


O  05  rf  ©  05  O 
ID  CM  i- 1  ^  CM  O 


i-H i  CM  r~ i  i-H  >— i  CM  05  CO  I  i— (  O  1—1  CM  iO  r~ I 


*-H  CO  CM  - 1  H  00  CM  OO  H  (M  ^  N  in  h  >— l 
i  CM  CO  >—i 


C/3 

G 

G 

bC 

03 


G 

© 


3 

£ 

co 

£ 

CD 


3> 

-£ 

©> 

© 

*© 

£ 

CD 

O 


GG  < 

-s  H  W 

-C  ©G 

3  P  H 

s 


x 

<D 


<D 

5 


G 

© 

<D 

£© 

co 

£ 

CD 


bJD 

G 

CD 

© 

a 

CD  CO 
CO - - 


cc 


G 


Co 
**a 

C3 

co  b3 
©  ~3 

1 — >  3 

©  Gi 
© 

.©  -  ■ 


£ 
H 
CD 
£ 
£ 
© 
© 

^  bjo  -S 

£  £  £ 
£  £  £ 
~£  ©£  »£ 

U  O  U 


£ 

© 

•*©* 

£ 

£ 


Co 

© 

£ 

b£  _ 
~  £3 

3  © 
©  o 

£  £ 
©  © 
£  £ 
~£  »£ 

o  u 


© 

GO 

£ 

s 

s 


33 

~£ 

a. 

© 


Co 

•<s» 

Co 

£ 

©  w—i 

.  3  < 

© 
© 
£ 


-§ 

£ 

3 

bJD 


co  ©_  = 

.  3  c3  P 

_|  «  ^ 

<0  C/5 

2  £ 
3  £  g  S5 

g-  ^ 

•2  ©  32  ^ 

©  "£  ^  g 

£  £  £  £ 
©  ©  ©  © 

©  ©  ©  © 
bD  b£)  bJD  bJD 
'  ‘  ©  © 


co  o: 
©  £  £ 
^  *£»  '£> 
^  ^  ^ 


£  £  £  £ 
4^ 

-©  _©  -©  -© 
Oh  ^4 


CC  N 


Transactions  of  Illinois  Academy  of  Sciences 
(1982),  Volume  75,  1  and  2,  pp.  149-152 


DIROFILARIA  IMMITIS 
IN  GRAY  FOXES  IN  ILLINOIS 
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ABSTRACT 

The  prevalence  of  Dirofilaria  immitis  in  gray  foxes  ( Urocyon  cinereoargenteus) 
in  Illinois  was  determined  by  gross  examination  of  136  animals  harvested  during  the 
1978-79  and  1979-80  hunting  and  trapping  seasons.  Heartworms  were  found  in  1  of 
65  (1.5%)  male  and  2  of  67  (3.0%)  female  gray  foxes;  overall  infection  rate  was  2.2%. 
The  average  heartworm  burden  per  fox  was  1.3.  The  documentation  of  D.  immitis 
infections  in  gray  foxes  from  Bond,  Edgar,  and  Jasper  counties  represent  new 
distributional  records  for  the  state. 


The  wide  distribution  (Otto  1969)  and  pathogenicity  (Kotani  et  al.  1975,  Winter 
1959)  of  Dirofilaria  immitis,  the  canine  heartworm,  in  the  domestic  dog  have 
stimulated  studies  of  the  relationship  of  this  parasite  with  several  wild  mammals 
(Otto  1975b).  Much  of  the  work  in  the  United  States  has  involved  the  wild  Canidae, 
including  the  gray  fox  ( Urocyon  cinereoargenteus).  In  spite  of  the  fact  that  canine 
heartworm  disease  has  been  recognized  with  increasing  frequency  in  the  Midwest 
since  about  1965  (Otto  1975a),  only  three  post-1965  investigations  of  D.  immitis  in 
midwestern  gray  foxes  have  been  reported  (Kazacos  1977,  Kazacos  and  Edberg 
1979,  Stuht  1978).  D.  immitis  specimens  were  recovered  from  5  of  86  gray  foxes 
examined  in  Indiana  and  Michigan.  In  two  pre-1965  Minnesota  studies,  carcasses  of 
35  gray  foxes  were  examined,  but  no  heartworms  were  found  (Erickson  1944, 
Schlotthauer  1964).  Dyer  and  Klimstra  (1982)  found  D.  immitis  in  the  hearts  of  3  of 
267  gray  foxes  collected  in  three  southern  Illinois  counties  in  1962.  In  contrast, 
domestic  canine  infections  have  been  documented  from  every  county  (Todd  and 
Mark  1974),  and  infected  red  foxes  ( Vulpes  vulpes )  have  been  collected  from  at  least 
four  counties  in  that  state  (Hubert  et  al.  1980).  The  objective  of  this  study  was  to 
determine  the  prevalence  of  heartworm  in  gray  foxes  throughout  Illinois. 

MATERIALS  AND  METHODS 

Gray  fox  carcasses  were  obtained  from  fur  buyers  during  December  1978, 
January  and  December  1979,  and  January  1980.  These  buyers  were  located  in  Clay, 
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Clinton,  DeKalb,  Edgar,  Jasper,  Moultrie,  Richland,  and  Vermilion  counties. 
Although  exact  capture  locations  were  not  available  for  many  animals,  all  were 
captured  in  Illinois  within  the  following  radii  of  the  various  furhouses  where 
collected:  Clay  and  Richland  counties,  100  km;  DeKalb,  Edgar,  and  Vermilion 
counties,  80  km;  Jasper  County,  32  km;  and  Moultrie  County,  24  km.  Additional 
gray  fox  hearts  from  specimens  caught  during  December  1978  in  Bond  County  and 
during  December  1979  in  Carroll,  Ford,  Mason,  and  Sangamon  counties  were 
supplied  by  cooperating  trappers. 

Some  carcasses  were  frozen  when  received  and  subsequently  thawed  for  heart 
removal.  Hearts  collected  by  cooperating  trappers  were  frozen;  these  were  also 
thawed  prior  to  inspection.  Ventricles,  atria,  and  pulmonary  arteries  were  examined 
macroscopically  for  the  presence  of  heartworms.  All  worms  found  were  identified 
and  sexed  employing  the  criteria  of  Yorke  and  Maplestone  (1969).  D.  immitis 
specimens  were  submitted  to  the  National  Parasite  Museum,  Beltsville,  Maryland, 
and  are  cataloged  as  75550. 


RESULTS 

Specimens  of  D.  immitis  were  collected  from  the  right  ventricles  and  pulmo¬ 
nary  arteries  of  3  of  the  136  (2.2%)  gray  foxes  examined  (Table  1).  One  male  (1.5%) 
and  two  female  (3.0%)  gray  foxes  were  infected  with  heartworms.  There  was  no 
difference  in  the  rate  of  infection  for  male  foxes  compared  with  female  foxes  (p>0.20). 
One  adult  male  and  one  adult  female  D.  immitis  were  found  in  the  positive  male 
gray  fox  from  Jasper  County.  The  infected  female  foxes  from  Bond  and  Edgar 
counties  contained  a  single  immature  and  one  adult  female  heartworm,  respectively. 

DISCUSSION 

Our  data  indicate  the  prevalence  of  heartworm  infection  in  gray  foxes  from 
Illinois  is  similar  to  other  northern  states  and  has  not  changed  significantly  since  the 
early  1960  s.  Three  post- 1965  surveys  in  New  York  (Monson  et  al.  1973)  and  Indiana 
(Kazacos  1977,  Kazacos  and  Edberg  1979)  revealed  the  presence  of  D.  immitis  in  5 
of  265  (1.9%)  gray  foxes.  Dyer  and  Klimstra  (1982)  reported  an  infection  rate  of 
1.1%  for  southern  Illinois  in  1962. 

The  maximum  D.  immitis  burden  reported  for  the  gray  fox  is  13  (Miller  and 
Harkema  1968).  Kazacos  and  Edberg  (1979)  recovered  nine  heartworms  from  a 
single  gray  fox.  Parasitic  burdens  ranged  from  2  to  8  worms  for  three  gray  foxes  from 
southern  Illinois  (Dyer  and  Klimstra  1982).  Based  on  12  published  records  of 
heartworm  infections  in  this  species,  the  average  parasite  load  is  4.9  (Crowell  et  al. 
1977,  Kazacos  1977,  Kazacos  and  Edberg  1979,  Miller  and  Harkema  1968,  Monson 
et  al.  1973,  Simmons  et  al.  1980,  Stone  1974,  Stuht  1978).  Our  observations  were 
lower;  the  average  heartworm  burden  for  the  three  positive  gray  foxes  we  encountered 
was  1.3. 

Several  investigators  have  considered  the  gray  fox  to  be  an  incidental  host  of  D . 
immitis  and  therefore  an  unimportant  reservoir  of  heartworm  infection  (Crowell  et 
al.  1977,  Dyer  and  Klimstra  1982,  Kazacos  and  Edberg  1979,  Otto  1975b,  Simmons 
et  al.  1980).  However,  certain  reports  indicate  gray  foxes  may  also  contribute  to  the 
perpetuation  of  this  parasite  in  nature  (Crowell  et  al.  1977,  Stone  1974).  Although 
most  data  suggest  the  gray  fox  is  not  a  reservoir  host  of  D .  immitis,  we  concur  with 


Transactions  of  the  Illinois  Academy  of  Science 


151 


Franson  et  al.  (1976)  and  Stuht  et  al.  (1978)  that  infectivity  trials  and  studies  of 
microfiliarial  development  and  transmission  are  necessary  to  clearly  define  the 
status  of  any  wild  canid  in  the  epidemiology  of  heartworm  infection. 
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Table  1.  Prevalence  of  Dirofiliaria  immitis  in  gray  foxes  collected  in  Illinois, 
December  1978-January  1979  and  December  1979-January  1980. 


County 

Male 

Female 

Sex 

unknown 

Totals 

Bond 

0/1 8b 

1/27 

0/1 

1/46 

Carroll 

0/1 

0/1 

— 

0/2 

Clay3 

0/5 

0/4 

— 

0/9 

Clinton 

0/1 

— 

— 

0/1 

Coles 

0/1 

— 

— 

0/1 

DeKalb3 

0/2 

0/5 

— 

0/7 

Edgara 

0/4 

1/11 

— 

1/15 

Ford 

— 

0/1 

— 

0/1 

Jasper3 

1/3 

0/4 

0/2 

1/9 

Jefferson 

0/3 

— 

— 

0/3 

Marion 

0/5 

0/5 

0/1 

0/11 

Mason 

0/6 

0/1 

— 

0/7 

Moultrie3 

0/3 

— 

— 

0/3 

Richland3 

0/1 

0/1 

— 

0/2 

Sangamon 

0/2 

0/1 

— 

0/3 

Vermilion3 

0/3 

0/3 

— 

0/6 

Washington 

0/7 

0/3 

— 

0/10 

Totals 

1/65 

2/67 

0/4 

3/136 

aOrigin  uncertain;  county  indicates  location  of  furhouse  where  animal  was  examined. 
bNumber  infected/number  examined. 
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OF  SCHISTOSOMA  MANSONI 

MIRACIDIA 


Leonard  D.  Wade  and  Paul  M.  Nollen 
Department  of  Biological  Sciences 
Western  Illinois  University 
Macomb,  IL  61455 


ABSTRACT 

Miracidia  of  the  blood  fluke,  Schistosoma  mansoni,  were  exposed  to  three 
naturally-occurring  substances  to  determine  the  effects  on  their  behavior  and 
longevity.  Cultures  of  the  bacteria  Bacillus  sphaericus  and  B.  moratai  diluted  1:10 
and  1:50  markedly  shortened  the  normal  life  span  of  the  miracidia.  Miracidia  lived 
longer  than  pond  water  controls  when  subjected  to  the  media  in  which  the  bacteria 
were  grown  suggesting  they  are  capable  of  absorbing  energy-providing  substances 
from  their  environment.  Water  in  which  snails,  the  natural  hosts  for  the  miracidia, 
had  been  sequestered  for  various  periods  of  time  snail-conditioned  water  (SCW) 
had  no  effect  on  miracidia  survivorship  but  did  cause  a  short-lived,  non-directional 
turning  activity.  The  lethal  action  of  the  bacterial  cultures  was  considered  too 
slow  for  practical  use  as  biological  control  agents. 


INTRODUCTION 

The  blood  fluke,  Schistosoma  mansoni,  is  one  of  the  causative  agents  of 
schistosomiasis,  a  disease  affecting  millions  of  people  in  the  world.  Various  methods 
for  controlling  the  disease  have  been  suggested,  most  of  which  are  aimed  at 
eliminating  the  adult  stage  in  humans  by  chemotherapeutic  drugs  or  killing  the 
snail  intermediate  host  with  molluscicides.  Schistosomicidal  drugs  have  been  used 
with  some  degree  of  success  but  none  have  proved  ideal  in  ease  of  administration 
and  lack  of  side  effects.  Molluscicides  also  have  drawbacks,  which  include  non¬ 
specificity  in  their  toxicity  and  less  than  complete  control  of  snails  when  applied  in 
endemic  areas. 

Recently,  the  cercarial  and  miracidial  stages  have  been  studied  as  possible 
places  to  interrupt  the  life  cycle  of  schistosomes.  With  this  in  mind,  we  focused  on 
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miracidial  control  by  biological  means.  Several  studies  have  indicated  that  water 
containing  substances  emitted  from  snails  will  alter  straight-line  swimming  behavior 
of  miracidia  and  concentrate  them  in  a  small  area  by  a  non-directional  turning 
activity  (Chernin,  1970;  Brown,  1975;  Prechel,  Cain,  and  Nollen,  1976;  Keshavarz- 
Valian,  Nollen,  and  Maynard,  1981).  Chernin  (1970)  called  the  aqueous  medium  in 
which  snails  had  been  sequestered  for  various  periods  of  time  snail-conditioned 
water  (SCW)  and  coined  the  word  ‘miraxone’  for  the  miracidial  stimulant(s). 
Although  several  studies  have  identified  specific  miraxones  in  SCW,  to  our  knowl¬ 
edge  no  one  has  reported  on  the  effects  of  constant  exposure  of  miracidia  to  SCW 
on  survival  time  and  infectivity. 

Selected  species  of  sporulating  bacteria  of  the  genus  Bacillus  produce  toxins 
which  have  larvicidal  activity  toward  various  species  of  mosquitoes  (Singer,  1973, 
1974;  Davidson,  Singer,  and  Briggs,  1975).  These  toxins  have  also  been  tried  as 
control  agents  against  black  flies  (Jaska,  1977)  and  in  preliminary  experiments  on 
the  snail  vector  for  S.  mansoni  (Singer,  personal  communication).  Their  possible  use 
as  control  agents  against  the  miracidial  stages  of  digenetic  trematodes  has  not  been 
attempted. 

In  this  study  we  investigated  the  efficacy  of  three  compounds  which  are 
produced  by  living  organisms  that  might  serve  as  biological  control  agents  for 
miracidia.  We  assessed  the  effects  of  two  strains  of  Bacillus  and  SCW  produced  by 
the  snail  Biomphalaria  glabrata  on  the  survivorship  and  behavior  of  the  miracidia  of 
S.  mansoni. 


MATERIALS  AND  METHODS 

The  S .  mansoni  life  cycle  was  maintained  in  mice  and  the  Puerto  Rican  strain 
of  B .  glabrata.  Eggs  were  obtained  from  homogenized  liver  tissue  taken  from  mice 
having  45-  to  70-day-old  infections.  Hatching  of  miracidia  was  accomplished  by 
suspending  the  pellet  of  the  centrifuged  liver  homogenate  in  filtered  pond  water  in 
a  125-ml  erlenmeyer  flask  covered  with  black  tape  and  topped  by  a  rubber  stopper 
fitted  with  a  vertical  glass  tube  approximately  10  cm  long.  Miracidia  that  hatched  in 
the  flask  were  collected  with  a  micropipette  from  the  open  end  of  the  tube. 

SCW  was  prepared  by  sequestering  2  snails/ml  of  filtered  pond  water  for  5  hr. 
(Chernin,  1972)  or  1  snail/5  ml  of  water  for  17  hr.  (Maclnnis,  et  al.,  1974).  Two 
species  of  toxin-producing  bacteria,  B.  moratai  (ATCC  #21282)  and  B.  sphaericus 
(SS/II-1)  were  obtained  from  Dr.  Sam  Singer,  Western  Illinois  University,  and  the 
final  test  cultures  made  by  the  method  of  Singer  (1974). 

Miracidia  were  counted  into  groups  of  20  to  30  in  a  small  volume  of  water  in 
the  test  vessels,  75  mm  x  25  mm  elliptical  depression  slides  with  a  well  volume  of  1 
ml.  The  test  solution  was  added  and  a  cover  slip  placed  over  the  depression  to 
eliminate  evaporation.  The  exact  number  of  active  miracidia  in  each  slide  was 
counted  at  time  zero  and  at  hourly  intervals  thereafter  until  no  miracidia  were 
mobile.  Four  slides  were  prepared  for  each  test  solution  and  2  slides  each  for  pond 
water  and  medium  controls  were  observed  concurrently.  Trials  on  SCW  and  B. 
moratai  were  repeated  twice  and  B.  sphaericua  5  times.  Each  trial  included 
dilutions  of  1:10  and  1:50  of  bacterial  culture  with  filtered  pond  water  while  SCW 
was  used  undiluted. 

To  test  for  oxygen  consumption  by  the  bacterial  cultures  during  a  time  span 
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similar  to  the  trials,  1:10-  and  l:50-dilutions  of  the  B.  sphaericus  culture  were 
analyzed  with  a  galvan  oxygen  analyzer.  Several  coplin  jars  of  culture  were  sealed  at 
time  zero  and  the  oxygen  content  determined  at  hourly  intervals  for  5  hr. 

Evidence  for  visible  effects  of  the  bacteria  on  miracidia  was  obtained  by 
sectioning  fixed,  paraffin-embedded  material  after  one-half  the  miracidia  were 
inactivated  by  a  1:10  dilution  of  B.  sphaericus  (not  longer  than  5  hr.).  Sectioned 
miracidia  were  stained  by  a  modified  MacCallum-goodpasture  stain  and  prepared 
for  permanent  mounts. 


RESULTS 

A  normal  survivorship  curve  constructed  with  data  obtained  from  15  trials  of  S . 
mansoni  miracidia  swimming  in  filtered  pond  water  is  given  in  Figure  1.  Untreated 
miracidia  show  a  mortality  of  approximately  25%  during  the  first  six  hours  and 
thereafter  die  off  rapidly.  Mortality  dropped  to  50%  between  hours  8  and  9  and  was 
more  than  90%  by  12  hours.  A  few  hardy  individuals  survived  as  long  as  14  hours, 
but  in  these  trials  none  lived  past  the  15-hour  mark. 

Tests  with  the  two  types  of  SCW  revealed  essentially  no  difference  in  miracidial 
survival  when  compared  to  the  pond  water  controls  (Figure  2).  Only  during  the 
early  observational  periods  of  the  trials  were  any  differences  noted  between 
experimental  and  control  slides  and  these  were  miniscule.  When  miracidia  were 
first  introduced  into  the  test  vessels,  they  exhibited  the  typical  frenzied,  non- 
directional  turning  activity  previously  described  by  several  investigators  for  S. 
mansoni  miracidia.  This  activity  soon  subsided  and  the  miracidia  resumed  their 
normal  swimming  activity. 

Of  the  two  bacterial  cultures  tested,  B .  moratai  was  the  most  active  miracidicidal 
agent.  When  compared  to  pond  water  controls,  a  dilution  of  1:10  of  the  test  culture 
was  more  lethal  than  the  1:50  dilution  (Figure  3).  The  1:10  dilution  reduced 
survival  to  less  than  10%  after  five  hours  but  the  1:50  dilution  did  not  show  a 
deleterious  effect  when  compared  to  the  pond  water  control  until  six  hours.  On  the 
other  hand,  the  miracidia  in  the  media  controls  had  relatively  longer  survival  times 
than  the  pond  water  controls.  Thus  the  growth  medium  alone  enhances  miracidial 
longevity  but  bacteria  in  the  medium  shorten  the  normal  life  span  even  overcom¬ 
ing  the  supportive  effect  of  the  medium  in  which  the  bacteria  are  grown. 

B.  sphaericus  cultures  proved  to  be  slightly  less  lethal  than  B.  moratai  (Figure 
4).  Percent  survival  dropped  below  10%  after  six  hours  when  miracidia  were 
exposed  to  a  1:10  dilution  of  bacteria  compared  to  11  hours  for  miracidia  in  the 
pond  water  control.  All  media  controls  prolonged  miracidial  life  slightly,  but  not 
to  the  extent  seen  with  the  media  controls  for  B.  moratai. 

Dissolved  oxygen  (DO)  determinations  on  1:10  and  1:50  dilutions  of  a  B. 
sphaericus  culture  are  given  in  Table  1.  After  one  hour,  the  DO  content  of  the  1:10 
dilution  reached  a  low  level  (1.3  to  1.5  mg/liter)  with  little  variation  for  the  duration 
of  the  testing.  One  hour  was  also  needed  for  a  plateau  to  be  reached  for  the  1:50 
dilution  (1.8  to  2.7  mg/liter). 

Photomicrographs  of  miracidia  exposed  to  B .  sphaericus  for  five  hours  showed 
no  bacteria  had  penetrated  the  miracidia.  However,  clumping  of  bacteria  on  the 
outside,  especially  on  the  anterior  end,  was  observed  on  all  miracidia  sectioned  and 
stained. 


156 


Control  of  Schistosoma  Mansoni  Miracidia 


TABLE  1.  Dissolved  Oxygen  in  mg/liter  Observed  in  Two  Dilutions  of  a 
Bacillus  sphaericus  Culture  at  One-hour  Intervals. 


Time  in  Hours 

Dissolved  Oxygen  in 
1/10  Dilution 

mg/liter 

1/50  Dilution 

0 

6.5 

7.9 

1 

1.5 

2.9 

2 

1.3 

1.9 

3 

1.4 

2.7 

4 

1.3 

2.1 

5 

— 

1.8 

DISCUSSION 

The  normal  survivorship  curve  for  S .  mansoni  miracidia  observed  in  this  study 
(Figure  1)  indicated  a  slow  mortality  reaching  25%  by  six  hours  after  hatching 
followed  by  a  more  precipitous  die  off.  Maldonado  (1954)  described  a  similar  early 
death  of  miracidia  and  considered  it  a  normal  component  of  mass  miracidial 
hatchings.  Those  miracidia  showing  early  mortality  were  considered  incompetent  at 
hatching  or  old  mature  eggs  that  had  been  near  death  within  the  host  tissues  before 
being  liberated  in  the  hatching  process.  The  decline  of  living  miracidia  from  7  to  13 
hours  corresponds  to  a  depletion  of  energy  reserves  within  the  miracidia.  This 
pattern  differs  slightly  from  that  described  by  Hairston  (1973)  where  75%  of  S. 
mansoni  miracidia  were  alive  at  eight  hours  followed  by  a  rapid  die  off.  However, 
different  studies  have  reported  varied  survival  rates  for  S.  mansoni  miracidia 
ranging  from  an  average  life  span  of  5  to  6  hours  by  Maldonado  (1967)  to  80% 
survival  after  7  hours  by  Chernin  (1968).  For  this  reason  pond  water  controls  were 
included  in  each  trial  for  comparison  to  experimental  results. 

Our  results  indicated  that  the  presence  of  either  B .  sphaericus  or  B .  moratai  in 
1:10  or  1:50  dilutions  shortened  the  life  span  of  S.  mansoni  miracidia  (Figures  3  and 
4),  while  SCW  had  no  adverse  effect  on  the  survivorship  of  the  miracidia  (Figure  2). 
This  raised  the  question  of  whether  the  lethal  qualities  of  the  bacterial  cultures 
were  due  to  bacterial  toxins  or  the  result  of  some  other  environmental  change 
brought  about  by  the  presence  of  bacteria. 

The  most  obvious  environmental  change  imposed  upon  the  miracidia  was  the 
presence  of  the  media  in  which  the  bacteria  were  grown.  Results  obtained  from  the 
media  controls  clearly  show  that  the  media  did  not  harm  the  miracidia  in  terms  of 
survivorship  and  in  the  tests  with  B.  moratai  the  medium  greatly  enhanced  the 
survival  of  the  miracidia.  This  medium,  Bacto  brain-heart  infusion,  contains  glucose, 
which  has  been  found  by  Bruce  et  al.  (1971)  and  Lewert,  Para,  and  Ozcet  (1970)  to 
be  taken  up  by  miracidia  and  thus  prolong  their  life  span.  Therefore,  culture  media 
can  be  ruled  out  as  a  source  of  lethal  agents  in  the  test  solution. 

Because  the  two  species  of  bacteria  tested  were  aerobic,  the  lack  of  oxygen  was 
suspected  as  a  factor  causing  miracidial  death.  Kawata  and  Kruse  (1966)  reported 
the  survival  of  miracidia  was  impaired  by  anaerobic  conditions  of  sewage  stabiliza¬ 
tion  ponds.  Bruce  et  al.  (1971)  studied  the  respiratory  requirements  of  S.  mansoni 
miracidia  and  found  that  as  their  glycogen  reserves  are  depleted  a  greater  portion  of 
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their  energy  requirements  is  met  by  aerobic  respiration,  resulting  in  a  higher  02 
consumption  in  older  miracidia  (5  hours  old). 

In  our  study  oxygen  depletion  does  not  seem  to  be  an  important  factor  in 
miracidial  mortality.  DO  determinations  in  the  bacterial  cultures  (Table  1)  reached  a 
low  level  by  one  hour  and  remained  there  for  the  duration  of  the  testing.  In  none  of 
the  tests  with  bacterial  cultures  did  miracidia  show  a  die  off  attributed  to  oxygen 
depletion.  As  determined  by  Bruce  et  al.  (1971)  the  oxygen  requirements  for 
miracidia  are  small  (6  liter/hr/ 1,000  miracidia).  At  the  lowest  DO  reading  in  the 
cultures  (1.3  mg/liter)  the  amount  of  available  oxygen  was  approximately  30 
liters/1,000  miracidia,  more  than  an  adequate  amount  to  sustain  the  small  numbers 
of  miracidia  used  in  our  trials. 

The  bacteria  used  in  this  study,  B.  moratai  and  B.  sphaericus,  are  ubiquitous 
in  nature  and  are  easy  to  grow  on  ordinary  laboratory  media.  Certain  strains  of  B . 
sphaericus  kill  mosquito  larvae  even  after  broth  cultures  had  been  diluted  10 
million  times  (Singer,  1974).  Although  some  endospore-forming  bacteria  can  invade 
tissues,  B.  sphaercis  is  known  to  kill  mosquito  larvae  by  means  of  cell  wall 
associated  toxins  only  after  ingestion  and  digestion  in  the  mid-gut  (Singer,  1980). 
Evidence  presented  here  indicated  B .  sphaericus  does  not  invade  miracidia.  Thus, 
it  seems  unlikely  that  S.  mansoni  miracidia  died  as  a  result  of  a  bacterial  toxin. 
However,  the  coating  of  miracidia  by  bacteria  which  was  observed  in  sectioned 
material  may  have  slowed  them  down  and  caused  miracidial  immobilization. 
B.  moratai  was  more  active  against  S.  mansoni  miracidia  than  B .  sphaericus .  Since 
this  species  has  not  shown  activity  against  mosquito  and  black  fly  larvae  (Jaska, 
1977),  little  is  known  about  its  ability  to  produce  toxins.  It  is  possible  both  species 
of  bacteria  change  some  environmental  parameter  other  than  those  investigated 
here  to  cause  the  early  death  of  miracidia. 

The  other  type  of  naturally-occurring  substance  tested,  SCW,  was  observed  to 
elicit  the  typical  erratic  swimming  behavior  of  miracidia  but  the  reaction  was 
short-lived.  Chernin  and  Perlstein  (1972)  reported  miracidia  that  become  detached 
from  snails  during  the  penetration  process  die  rapidly,  presumably  because  an 
irreversible  expenditure  of  energy  reserves  and  glandular  stores  was  initiated. 
Further  studies  by  Chernin  (1972)  reported  that  S.  mansoni  miracidia  only  attempt 
penetration  of  host  tissue  in  the  presence  of  SCW.  We  thought  that  SCW  might 
trigger  either  a  similar  irreversible  response  and  cause  miracidia  to  die  or  through 
stimulation  of  hyperactivity  cause  a  very  rapid  depletion  of  energy  stores.  However, 
our  data  (Figure  2)  show  neither  pattern  of  activity  occurred  during  the  long-term 
tests.  Schistosome  miracidia  seem  to  require  repeated  stimulation  with  SCW  to 
sustain  constant  non-directional  turning  activity  (Shiff  and  Kriel,  1970). 

Before  bacterial  cultures  could  be  used  as  miracidicidal  agents,  more  lethal 
strains  will  have  to  be  found.  Any  control  agent  used  in  nature  must  act  swiftly  to 
kill  the  target  organism  and  not  produce  adverse  effects  in  the  environment. 
Although  1:10  and  1:50  dilutions  of  bacteria  kill  miracidia,  they  do  not  kill  them  fast 
enough.  Furthermore,  the  effect  of  administering  bacterial  cultures  in  the  environ¬ 
ment  are  unknown.  However,  some  studies  are  being  carried  out  along  these  lines 
with  B.  sphaericus  at  levels  used  for  control  of  mosquito  larvae  (Singer,  1980). 
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ERRATA 

VOLUME  74,  Numbers  3  and  4,  1981 

SAVITZ,  J.  Trophic  Diversity  and  Food  Partitioning  Among  Fishes  Associated  with 
Aquatic  Macrophyte  Patches,  pp.  111-120. 

p.  114 — in  food  category  Chironomids,  Endochironomus  dimorphus  (underlined) 

p.  119 — line  10.  should  read  “.  .  .  main  sampling  area  and.  . 

p.  120 — Hurtubia  reference,  “sympatric  in  place  of  “symmetric” 

p.  120 — Savitz  reference  should  read: 

Savitz,  J.  and  J.  Janssen.  1982.  Utilization  of  green  sunfish  and  blue- 
gills  by  largemouth  bass:  Influence  of  ingestion  time.  Trans.  Amer. 
Fish.  Soc.  111:462-464. 


STAINS,  H.J.  Calcaenea  of  Domestic  Dogs  pp.  39-49. 


Figure  1,  page  45a:  Stains  “Calcanea  of  Domestic  Dogs” 


New  York  Botanical  Garden  Library 
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Silvano  Romeo  and  Sengoda  Ganesan 
Department  of  Industry  and  Technology 
Northern  Illinois  University 
DeKalb,  IL  60115 


ABSTRACT 

This  paper  describes  a  general  design  procedure  for  the  implementation  of  a 
gas  monitoring  system  which  uses  an  optical  sensor  as  the  measuring  transducer. 
The  drawbacks  of  such  systems  and  possible  solutions  are  primarily  discussed. 

INTRODUCTION 

A  simple  gas  concentration  level  detector  can  be  constructed  by  using  one  of 
several  commercially  available  paper  tape  cassettes.  Such  tapes  are  chemically 
treated,  and  will  respond  by  changes  in  surface  color  (referred  to  as  stain  levels) 
when  a  short  section  is  exposed  to  a  particular  gas.  Stain  levels  are  a  function  of 
present  gas  concentration,  and  will  be  different  for  the  application  in  use.  Thus  by  a 
selection  of  an  appropriate  tape  cassette,  one  can  monitor  a  variety  of  gases. 


THE  TRANSDUCER 

Stain  levels  are  detected  by  an  opto-electrie  circuit  consisting  of  a  light  source 
and  a  sensitive  photocell.  The  photocell  is  mounted  in  such  a  way  as  to  view  any 
light  reflected  by  the  effected  paper  tape  surface  as  shown  in  Figures  1A  and  IB. 
The  sampled  gas  is  delivered  by  a  low  compression  diaphragm  pump,  via  a  simple 
nozzle  aimed  directly  at  the  tape  surface. 

TAPE  TRANSPORT  AND  RELATED  CONTROLS 

Tape  stain  levels  are  irreversable,  therefore  a  motorized  transport  system  must 
be  devised  to  continuously  or  sequentially  advance  unexposed  tape  sections  in  front 
of  the  transducer.  Such  transport  can  be  implemented  by  using  a  DC,  or  stepping 
motor  turning  a  capstan  drive,  along  with  a  rubber  pinch  roller,  to  provide  enough 
friction  for  smooth  tape  advancement,  as  shown  in  Figure  2. 

Although  a  continuous  tape  transport  can  be  successfully  used,  it  is  not 
advised,  since  it  will  result  in  unnecessary  tape  usage  and  reduce  monitoring 
system  cost  efficiency,  due  to  frequently  needed  tape  cassette  changes. 

On  the  other  hand,  a  sequential  transport  will  increase  efficiency  but  will 
require  added  control  circuitry,  since  it  must  advance  the  tape  by  one  or  two  inch 
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increments  and  then  stop.  Another  added  benefit  results  from  the  fact  that  a  gas 
sampling  can  be  manually,  or  interval  timed  initiated,  as  the  need  arises.  All  system 
controls  can  be  provided  by  a  dedicated  discrete  logic  or  a  software  controlled 
microprocessor  circuit.  The  latter  will  be  of  primary  interest  since  it  will  offer 
greater  user  flexibility. 


DESCRIPTION 

Because  of  inherent  variations  in  paper  tape  pigment  distribution,  one  finds 
that  the  transducer  will  provide  a  tape  position  voltage  variant  output,  even  though 
sampled  gas  is  not  present.  Such  tape  background  noise  will  add  to,  or  subtract 
from  a  pre-established  zero  concentration  level  reference  voltage,  resulting  in  a 
signal  output  error. 


THE  CIRCUIT 

To  obtain  full  usable  resolution  and  range  provided  by  paper  tape,  an  amplifier 
with  a  minimum  pre-determined  gain  must  be  interfaced  to  the  transducer  output. 
As  a  result,  any  tape  background  noise  is  also  amplified,  which  will  in  turn  degrade 
monitoring  system  accuracy.  Such  error  can  be  corrected  by  using  a  sample  and 
hold  circuit  shown  in  Figure  3.  This  configuration  will  allow  any  positive  or  negative 
error  voltage  cancellation  from  the  actual  output  signal.  It  is  important  to  note  that 
the  sample  and  hold  droop  rate  will  be  amplified  if  the  output  signal  of  the  sample 
and  hold  circuit  drives  any  amplifier. 

Results  well  within  the  tape  accuracy  can  be  obtained  by  the  selection  of  a 
sample  and  hold  circuit  with  a  droop  rate  of  1  to  2  mV  per  minute.  Such  a  circuit 
can  be  constructed  by  using  a  high  grade  FET  Op-Amp  and  holding  capacitor. 

With  such  a  restriction,  the  paper  tape  should  be  advanced  within  a  one 
minute  interval  for  each  monitoring  cycle. 

The  corrected  signal  can  in  turn  be  used  to  drive  a  meter  movement  calibrated 
in  parts  per  million,  thus  depicting  gas  concentration  levels. 


AN  ALTERNATIVE 

A  more  sophisticated  error  cancelling  and  control  circuitry  can  be  implemented 
by  using  a  dedicated  microprocessor  sub-system  in  conjunction  with  an  analog  to 
digital  converter.  In  this  configuration  and  A/D  can  present  a  binary  equivalent 
error  voltage  of  the  unexposed  paper  tape  to  the  microprocessor,  where  under 
software  supervision  it  can  be  subtracted  from  or  added  to  the  uncorrected  output 
signal,  which  is  also  in  a  binary  form.  As  an  added  advantage,  the  microprocessor 
can  also  be  used  to  perform  system  house-keeping  functions  as:  tape  incrementing, 
activation  of  delivery  pump,  and  updating  controls  for  a  digital  display,  as  shown  in 
Figure  4.  A  comparison  look-up  table  correlating  corrected  binary  outputs  versus 
pre-established  gas  concentration  levels  can  now  reside  in  the  microprocessor 
sub-system  ROM.  When  under  software  control,  it  can  be  matched  and  interpreted 
as  the  actual  gas  concentration  level,  which  can  be  presented  by  a  digital  display  in 
parts  per  million. 
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ABSTRACT 

A  survey  of  an  18  km  segment  of  the  headwaters  of  Indian  Creek  was 
conducted  to  determine  il  any  changes  in  fish  species  composition  or  distribution 
had  occurred  since  construction  of  Lake  Shabbona  in  1975.  Among  the  species  that 
apparently  occurred  with  some  regularity  before  impoundment,  Carpiodes  carpio 
may  no  longer  be  present.  Etheostoma  zonale  and  Percina  phoxocephala  were  not 
collected  above  the  lake,  and  probably  were  eliminated  by  the  headwater  poisoning. 
Labidesthes  siccidus,  introduced  as  a  forage  species  in  the  lake,  is  now  established 
in  Indian  Creek  above  and  below  the  lake.  Species  diversity  index  values  among  the 
collecting  stations  show  a  pattern  similar  to  that  obtained  in  a  pre-impoundment 
survey.  The  continued  presence  of  several  species  of  fish  sensitive  to  reduced  water 
quality  is  one  of  several  indicators  of  overall  high  water  quality  of  Indian  Creek. 


INTRODUCTION 

Indian  Creek,  third  largest  tributary  to  the  Fox  River,  was  dammed  in  1975  by 
the  Illinois  Department  of  Conservation  (I DOC)  to  form  Lake  Shabbona.  The 
impoundment  is  located  south  of  the  Village  of  Shabbona  in  DeKalb  County,  and  is 
managed  along  with  the  surrounding  land  by  I  DOC  as  a  state  recreation  area. 

In  a  published  pre-impoundment  survey  of  the  fish  fauna  of  Indian  Creek, 
Drew  and  Wildrick  (1974)  noted  that  lake  construction  would  include  treatment  of 
the  headwaters  of  Indian  Creek  with  rotenone  to  prevent  the  introduction  of 
Cyprinus  carpio.  They  suggested  the  stream  fish  community  composition  and 
distribution  patterns  would  undoubtedly  be  altered  by  the  proposed  poisoning  and 
lake  construction.  Studies  elsewhere  on  the  biological  effects  of  impoundments 
have  shown  that  reservoir  construction  may  result  in:  1)  the  downstream  elimination 
of  coldwater  fishes  (Young  and  Maughan,  1980)  or  warmwater  fishes  (Spence  and 
Hynes,  1971a),  depending  on  the  origin  of  the  discharge  waters;  2)  downstream 
reduction  of  benthic  invertebrates  with  temperature-dependent  life  cycles  (Lehmkuhl, 
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1972;  Spence  and  Hynes,  1971b);  3)  invasion  of  tributary  streams  by  undesirable 
reservoir  fish  species  (Ruhr,  1957)  and;  4)  the  elimination  of  highly  migratory  fish 
species  (Baxter,  1977).  The  present  study  was  initiated  in  an  attempt  to  document 
whether  any  changes  in  fish  species  composition  or  distribution  patterns  have 
occurred  since  the  headwaters  of  Indian  Creek  were  impounded. 

STUDY  AREA 

Indian  Creek  originates  about  3  km  west  of  the  DeKalb  County  line  in  Lee 
County,  flowing  in  a  northeasterly  direction  and  paralleling  the  north  slope  of  the 
Cropsey  Moraine  for  about  12  km.  At  this  point  it  turns  sharply  southward,  dissects 
the  moraine,  and  continues  in  a  generally  southerly  direction  until  it  enters  the  Fox 
River  in  LaSalle  County.  Indian  Creek  has  a  total  length  of  about  80  km  and  a  total 
watershed  of  743  km2  (Tichacek  and  Wight,  1971). 

About  12  km  from  its  source,  at  the  point  where  it  cuts  through  the  moraine, 
the  stream  enters  Lake  Shabbona.  The  lake  has  a  maximum  depth  of  12.2  m,  an 
average  depth  of  5.3  m,  a  surface  area  of  129  ha,  and  a  watershed  totalling  52.2 
km2,  85%  of  which  is  row  cropland,  10%  pasture,  and  5%  wetland  (Ill.  EPA,  1980). 

Drew  and  Wildrick  (1974)  established  5  collecting  stations  along  an  18  km 
section  of  the  headwaters.  These  same  stations  were  sampled  in  this  survey,  with 
the  exception  of  station  4,  which  is  located  in  the  present  lake  bed.  Stations  1,  2, 
and  3  are  located  9.2,  5.2,  and  1  km,  respectively,  upstream  from  the  lake,  and 
station  5  is  about  8.8  km  downstream  from  the  lake.  Following  the  stream 
classification  system  of  Horton  (1945),  Indian  Creek  at  stations  1,  2,  and  3  is  a  3rd 
order  stream  and  at  station  5  is  4th  order. 

We  did  not  sample  the  headwater  pools  upstream  from  station  1,  as  was  done 
in  the  previous  study.  We  did,  however,  sample  on  one  occasion  from  another 
station,  designated  3a,  situated  1  km  downstream  from  the  lake. 

The  substrate  of  Indian  Creek  is  primarily  gravel  and  rubble,  with  lesser 
amounts  of  sand  and  larger  rocks.  Like  most  streams  in  areas  of  Northern  Illinois 
that  are  intensively  farmed,  this  original  substrate  is  overlain  in  pools  and  slower 
channels  by  a  layer  of  silt  of  variable  thickness. 

Stations  2,  3,  and  5  had  both  riffles  and  pools  present,  with  maximum  depths 
ranging  from  0.6  m  at  station  2  to  1.5  m  at  station  5.  Station  1  downstream  from  the 
bridge  had  no  distinct  riffle  or  pool  areas,  but  had  some  channels  with  moderate 
current  and  several  shallow,  quiet  pockets  of  water  created  by  downed  vegetation. 
Station  1  upstream  from  the  bridge  had  recently  been  dredged  and  was  a  uniform 
shallow  ditch.  Maximum  depth  at  this  station  was  0.4  m. 

In  August  of  1975  the  valve  at  the  dam  site  was  closed  and  the  portion  of 
Indian  Creek  contained  in  the  lake  basin  and  upstream  to  about  100  m  above 
station  3  was  treated  with  rotenone  (Alec  Pulley,  I  DOC,  pers.  comm.).  The  total 
length  of  the  stream  segment  poisoned  was  approximately  3  km  and  included  all  of 
station  3. 


MATERIALS  AND  METHODS 

Stations  2  and  5  were  each  sampled  9  times  and  stations  1  and  3  were  each 
sampled  8  times  between  October  1980  and  October  1981.  All  seasons  of  the  year 
were  represented  in  the  collections.  The  length  of  stream  segment  sampled  at  each 
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station  varied  between  100  and  300  in.  The  variance  in  length  resulted  from  our 
attempts  to  include  a  similar  representation  of  all  available  habitat  types  from  each 
station,  although  no  attempt  was  made  to  quantify  unit  effort  for  each  habitat  type. 
Sampling  time  was  in  the  range  of  45  minutes  to  1  hour  at  each  station. 

Specimens  were  preserved  and  later  identified  in  the  laboratory,  except  for 
some  of  the  larger  suckers,  which  were  identified  and  counted  in  the  field  and 
released.  All  collections  were  made  with  a  4  m  minnow  seine  having  a  mesh  of  3 
mm  or  a  7.9  m  bag  seine  having  a  mesh  of  7mm. 

A  diversity  index,  H',  was  calculated  for  each  station  using  the  formula 

H'  =  1/N  (N  logioN  -  ns  log^nj) 

as  described  by  Zar  (1974)  and  as  used  by  Drew  and  Wildrick  (1974),  where  N  is 
the  total  number  of  fish  and  iij  is  the  number  of  individuals  of  each  species.  Instead 
of  selecting  a  single  month  for  analysis,  as  was  done  in  the  previous  study,  we  chose 
to  pool  all  of  the  data  for  the  entire  year  for  each  station,  in  the  belief  that  this 
reduces  sampling  error,  eliminates  the  effects  of  seasonal  distribution  patterns,  and 
more  accurately  reflects  the  total  utilization  of  each  part  of  the  stream. 

Additional  pre-impoundment  collections  were  made  by  I  DOC  personnel  at 
station  3  and  in  the  future  lake  basin,  and  post-impoundment  collections  have  been 
made  yearly  since  1976  at  station  5  by  the  Northern  Illinois  University  ichthyology 
class.  Data  from  these  collections  and  from  our  additional  collection  at  station  3a  are 
not  used  in  the  diversity  indexes,  but  are  presented  only  as  records  of  the  presence 
of  species  not  collected  by  us  elsewhere  or  by  Drew  and  Wildrick  (1974). 

Names  of  fish  species  follow  the  American  Fisheries  Society  (1980). 

RESULTS 

A  total  of  4,955  individuals,  distributed  among  31  fish  species  and  representing 
6  families,  was  collected  at  stations  1,  2,  3,  and  5  during  our  surveys  (Table  1).  The 
greatest  number  of  species  (26)  was  collected  at  station  5,  the  fewest  number  (17)  at 
both  stations  1  and  2.  Nineteen  species  were  collected  at  station  3.  In  general,  we 
found  a  greater  number  of  species  present  with  distance  from  the  stream  source. 

One  additional  species  (Moxostoma  erythrurum)  was  collected  at  station  3a, 
and  in  6  consecutive  years  of  sampling  at  station  5  by  the  NIU  ichthyology  class,  5 
additional  species  have  been  recorded:  Noturus  exilis,  Ambloplites  rupestris,  Percina 
phoxocephala,  Cyprinus  carpio,  and  Esox  lucius. 

Five  species  present  in  pre-impoundment  collections  were  not  captured  in  our 
surveys  (Table  2),  although  3  of  these  5  have  been  recorded  on  at  least  1  occasion  by 
others  at  station  5  since  the  creek  was  impounded.  Two  species  ( Labidesthes 
sicculus  and  Carpiodes  cyprinus)  were  collected  in  the  present  study  but  not  by 
Drew  and  Wildrick  (1974). 

Diversity  index  values  are  presented  in  Table  3.  Although  post-impoundment 
values  are  consistently  higher  due  to  inclusion  of  an  entire  year’s  data,  a  pattern 
similar  to  that  obtained  by  Drew  and  Wildrick  (1974)  is  evident,  with  highest  values 
of  H'  at  stations  2  and  5. 
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Table  1.  Species  of  fish  collected  at  various  sampling  stations  on  Indian  Creek, 
DeKalb  County,  Illinois,  between  October  1980  and  October  1981,  with 
a  record  of  earlier  collections.  Data  from  station  3a  represents  a  single 
collection  made  26  July  1981. 


Species 

1 

Stations 

2  3  5 

3a 

Cyprinidae 


Campostoma  anomalum 

40* 

259* 

10* 

175* 

2 

Nocomis  biguttatus 

4 

190* 

10* 

10* 

1 

Notemigonus  crysoleucas 

14 

10 

1* 

2 

Notropis  cornutus 

1* 

387* 

624* 

301* 

6 

Notropis  dorsalis 

329* 

40* 

6* 

4* 

Notropis  rubellus 

108* 

Notropis  spilopterus** 

1 

23 

2 

Notropis  stramineus 

3* 

15* 

Notropis  umbratilus** 

14 

44 

3 

115 

3 

Phenacobius  mirabilis** 

2 

Phoxinus  erythrogaster 

98* 

258* 

5* 

3 

Pimephales  notatus 

17* 

88* 

97* 

132* 

1 

Pimephales  promelas** 

11 

1 

Rhiniehthys  atratulus 

63* 

27* 

* 

2 

Semotilus  atromaeulatus 

194* 

87* 

23* 

69* 

1 

Catostomidae 

Carpiodes  cyprinus 

1 

4 

Catostomus  commersoni 

3 

27* 

7 

8* 

Hypentelium  nigricans** 

3 

Moxostoma  erythrurum** 

1 

Ictaluridae 

Ictalurus  melas 

9 

* 

4 

1 

Ictalurus  natalis 

1 

* 

Notorus  flavus 

3* 

Atherinidae 

Labidesthes  sicculus 

2 

173 

72 

Centrarchidae 

Lepomis  cyanellus 

18 

27* 

5* 

Lepomis  macrochirus 

1 

166 

68* 

32 

Micropterus  dolomieui 

* 

1* 

Micropterus  salmoides** 

i 

-L 

2 

Percidae 

Etheostoma  flabellare** 

214 

17 

78 

3 

Etheostoma  nigrum 

31* 

27* 

21* 

12* 

Etheostoma  spectabile 

34* 

33* 

10* 

15* 

Etheostoma  zonale 

15* 

1 

*  Species  collected  by  Drew  and  Wildrick  (1974)  in  October  1971. 

**  Species  collected  by  Drew  and  Wildrick  (1974)  between  October  1971  and 
October  1972,  locality  not  given. 
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Table  2.  Fish  species  not  collected  in  the  present  study  which  were  collected  by 
Drew  and  Wildrick  (1974)  from  Indian  Creek,  DeKalb  County,  Illinois. 


Species 

Locality 

Cyprinus  carpio * 

station  5 

Carpiodes  carpio 

headwater  pools 

Ambloplites  rupestris * 

station  5 

Percina  phoxocephala * 

unknown 

Percina  maculata 

unknown 

*  Species  collected  since  impoundment  at  station  5  by  NIU  ichthyology  class. 


Table  3.  Diversity  index  values  for  stations  1,  2,  3,  and  5,  October  1980  to  October 
1981,  Indian  Creek,  DeKalb  County,  Illinois.  Pre-impoundment  data  of 
October  1971  (Drew  and  Wildrick  1974)  in  parentheses. 


Stations 


1 

2 

3 

5 

N  -  total  no.  of  specimens 

881 

(847) 

1720 

(503) 

1012  1342 

(1583)  (1053) 

S  -  total  no.  of  species 

17 

(10) 

17 

(14) 

19 

(13) 

26 

(20) 

H'  -  index  of  diversity 

.8538 

(.6947) 

.9842 

(.8409) 

.5981  1.0509 
(.6607)  (.8496) 
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DISCUSSION 

Considering  the  relatively  inefficient  collection  methods  used  in  both  pre-  and 
post-impoundment  studies,  the  potential  for  considerable  sampling  error  to  occur 
must  be  large,  especially  in  view  of  the  fact  that  pre-impoundment  distributional 
data  are  based  on  a  single  collection  at  each  station.  Inferences  drawn  through 
direct  comparison  of  both  sets  of  data  must  therefore  be  made  with  caution. 
Despite  these  problems,  the  distribution  of  fishes  in  Indian  Creek  is  remarkably 
similar  between  the  two  studies. 

As  indicated  previously,  3  of  the  5  species  collected  by  Drew  and  Wildrick 
(1974)  but  not  in  the  present  survey  have  been  collected  by  others  at  station  5  since 
impoundment.  Of  these,  Ambloplites  rupestris  has  been  collected  recently,  but  is 
probably  distributed  sporadically  and  in  low  numbers.  Percina  phoxocephala  had 
not  been  captured  since  1976,  at  which  time  the  reservoir  was  being  filled.  Indian 
Creek  at  station  5  was  a  series  of  stagnant,  isolated  pools,  and  fish  were  highly 
concentrated.  In  view  of  the  relative  intolerance  of  P.  phoxocephala  to  degraded 
stream  conditions,  we  recognized  that  these  adverse  conditions  may  have  contribut¬ 
ed  to  the  elimination  of  this  darter  for  some  distance  downstream  from  the 
impoundment.  However,  during  a  collecting  trip  to  station  5  at  the  conclusion  of 
the  annual  meetings  of  the  American  Society  of  Ichthyologists  and  Herpetologists  in 
June  1982,  2  individuals  of  P  phoxocephala  were  captured.  If  unfavorable  environ¬ 
mental  conditions  at  the  time  of  impoundment  resulted  in  the  decimation  of  this 
darter,  its  reappearance  may  indicate  stream  conditions  have  improved  to  pre¬ 
impoundment  levels  and  re-colonization  by  P  phoxocephala  may  be  possible. 

Cyprinus  carpio  is  present  below  the  impoundment  at  station  5,  but  apparently 
is  not  abundant.  Above  Lake  Shabbona  it  seems  to  be  absent,  although  we  did  not 
sample  the  series  of  headwater  pools  upstream  from  station  1,  which  was  the  only 
locality  where  C.  carpio  was  collected  by  Drew  and  Wildrick  (1974).  These 
populations  would  not  have  been  affected  by  the  headwater  poisoning,  but  as  of 
1981  no  specimens  of  C.  carpio  have  been  reported  from  Lake  Shabbona  (Alec 
Pulley,  IDOC,  pers.  comm.). 

The  status  of  the  other  2  species  collected  before  but  not  after  impoundment  is 
uncertain.  Carpiodes  carpio  was  recorded  by  Drew  and  Wildrick  (1974)  at  station  5 
and  by  IDOC  personnel  in  1974  in  the  future  lake  basin,  but  has  not  been  collected 
since.  Presumably  it  is  no  longer  present  in  the  creek,  although  its  preference  for 
deeper  pools  where  vegetative  cover  is  present  (Smith  1979)  would  make  it  a 
difficult  species  to  collect  by  our  methods. 

The  collection  locality  of  Percina  maculata  was  not  identified  by  Drew  and 
Wildrick  (1974),  but  this  species  has  not  been  collected  since  their  study,  nor  was  it 
present  in  IDOC  pre-impoundment  surveys.  It  seems  likely  the  collection  record 
represents  a  straggler. 

Of  the  species  recorded  only  since  impoundment,  Notoras  exilis,  represented 
by  a  single  specimen  from  station  5,  was  recorded  by  Forbes  and  Richardson  (1920) 
from  a  locality  approximating  our  station  5,  and  records  exist  for  other  creeks  in  the 
Fox  River  system  (Smith  1979),  but  it  is  reported  as  being  extremely  sporadic 
throughout  its  known  range.  The  single  specimen  from  station  5  may  represent  a 
migrant  from  lower  stretches  of  Indian  Creek.  Esox  Indus,  also  represented  by  one 
individual  from  station  5,  may  also  be  a  migrant  from  downstream  areas. 
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Carpiodes  cyprinus,  collected  by  us  at  station  5  and  station  3a  immediately 
below  the  lake,  was  also  present  in  IDOC  pre-impoundment  surveys  in  the  fugure 
lake  basin,  and  there  is  no  indication  its  distribution  has  changed  since. 

Labidesthes  sicculus,  recorded  from  Indian  Creek  first  in  1978  and  now 
present  in  large  numbers  below  the  lake  and  less  common  above  it,  was  introduced 
into  Lake  Shabbona  in  1977  as  a  forage  species  (Alec  Pulley,  IDOC,  pers.  comm.) 
and  has  apparently  established  itself  successfully  outside  of  the  lake.  It  is  native  to 
other  streams  in  the  Fox  River  system  (Smith  1979),  and  there  is  no  indication  its 
establishment  in  Indian  Creek  has  had  any  impact  on  the  existing  fish  fauna. 

We  observed  a  general  increase  in  diversity  with  distance  from  the  stream 
source,  with  the  exception  of  station  3.  Drew  and  Wildrick  (1974)  attributed  the 
greater  diversity  at  stations  2  and  5  to  greater  water  depth;  however,  we  noted  a 
progressive  increase  in  water  depth  from  upstream  to  downstream  stations.  Station 
3  consisted  of  a  disproportionate  amount  of  slow,  uniform  channel  with  little 
structure,  and  stretches  of  the  stream  bottom  were  littered  with  trash  which  made 
seining  difficult.  Thus,  the  representation  of  species  was  very  inequitable,  and  our 
samples  may  not  have  reflected  the  actual  species  composition  as  accurately  as  they 
did  at  the  other  stations.  Because  of  the  likelihood  of  uneven  longitudinal  distribu¬ 
tion  of  stream  fishes  and  the  consequent  likelihood  of  sampling  error,  species 
diversity  alone  may  be  an  inadequate  measure  of  stream  fish  communities,  at  least 
with  the  sampling  methods  employed  in  this  study.  The  greater  number  of  species 
collected  at  station  3  over  stations  1  and  2  is  probably  a  better  indicator  of  the 
greater  abundance  of  available  resources  in  the  larger  stream  segment  that  contains 
station  3. 

The  poisoning  of  the  3  km  segment  of  Indian  Creek  above  the  dam  could  have 
eliminated  species  above  the  impoundment  whose  upstream  distributional  limit  was 
contained  in  that  segment.  IDOC  pre-impoundment  surveys  indicated  the  pres¬ 
ence  of  Etheostoma  zonale  and  Percina  phoxocephala  at  stations  in  the  future  lake 
basin  and  as  far  upstream  as  station  3,  all  of  which  were  affected  by  the  poisoning. 
Although  suitable  habitat  still  exists  at  station  3,  neither  of  these  species  was 
captured  there  during  our  surveys,  even  though  E.  zonale  was  collected  at  station 
3a  a  short  distance  downstream  from  the  dam.  It  is  possible  both  of  these  species 
may  be  permanently  eliminated  upstream  from  the  lake. 

Despite  the  initial  impact  of  headwater  poisoning  and  downstream  reduction  of 
water  flow  associated  with  reservoir  construction,  at  this  point  it  does  not  appear 
there  has  been  any  serious  alteration  of  the  composition  and  distribution  of  stream 
fishes  in  Indian  Creek.  Indian  Creek  still  harbors  a  high  quality,  diverse  fish  fauna, 
indicative  of  overall  high  water  quality.  This  assessment  is  based  on  an  evaluation  of 
the  fish  communities  present  in  Indian  Creek  with  regard  to  fish  community 
parameters  proposed  by  Karr  (1981).  The  specific  characteristics  of  the  fish  commu¬ 
nities  of  Indian  Creek  that  are  indicative  of  high  environmental  quality  and  stability 
include  the  presence  of  a  large  number  of  species  (30-35)  considering  the  size  and 
geographic  location  of  the  stream,  the  presence  of  intolerant  species  ( Etheostoiiia 
zonale,  Hypenteliam  nigricans,  Phoxinus  erythrogaster,  Ambloplites  rnpestris ),  a 
low  proportion  of  tolerant  species  ( Pimephales  promelas,  Cyprinus  carpio,  Lepomis 
cyanellus,  Notemigonus  crysoleucas),  and  a  well-balance  representation  of  all  tro¬ 
phic  levels.  In  view  of  the  deterioration  in  many  areas  of  Illinois  of  high-quality 
streams  that  may  have  unique  fish  faunas,  we  believe  a  high  priority  should  be 
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placed  on  recognizing  and  preserving  these  unique  stream  elements  when  consider¬ 
ing  stream  projects  such  as  reservoirs,  and  suggest  that  continued  monitoring  of  the 
fish  fauna  of  Indian  Creek  is  advisable  to  detect  environmental  changes  that  might 
be  associated  with  reservoir  aging,  and  as  a  sensitive  indicator  of  overall  watershed 
quality. 
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ABSTRACT 

The  freshwater  red  alga,  Asterocytis  smaragdina  (Reinsch)  Forti,  is  reported  for 
the  first  time  from  several  locations  in  Illinois  along  the  western  shore  of  Lake 
Michigan.  Common  associates  of  this  epiphytic  alga  are  Cladophora  glomerata  and 
Bangia  atropurpurea .  A  description  and  figures  of  Illinois  material  are  provided 
including  locations  of  collecting  sites. 

Key  index  words:  Asterocystis  smaragdina;  Illinois;  new  distribution  record;  Lake 
Michigan;  Rhodophyceae. 


INTRODUCTION 

The  red  alga,  Asterocystis  smaragdina  (Reinsch)  Forti,  recently  has  been 
discovered  at  several  locations  along  the  western  shore  of  Lake  Michigan  in 
northeastern  Illinois  (Lake  County).  This  small,  epiphytic  alga  was  first  observed  by 
the  author  among  algal  samples  retrieved  from  the  lake  at  Lake  Forest,  Illinois,  in  late 
1978.  It  was  collected  again,  in  October,  1979,  and  September,  1980.  More 
thorough  sampling  during  1980  suggested  that  the  alga  was  generally  established 
along  the  entire  shoreline  of  Lake  County;  additional  specimens  subsequently  were 
collected  at  Highland  Park,  Lake  Bluff,  and  Illinois  Beach  State  Park. 

At  all  stations  Asterocystis  was  a  minor  component  of  an  algal  association 
dominated  by  Cladophora  glomerata  (L.)  Kutz.  and  Bangia  atropurpurea  (Roth)  C. 
Ag.  As  reported  earlier  by  the  author  (Weik,  1977),  the  dominant  species  of  this 
association  develop  in  broad  horizontal  bands  on  the  firm  surfaces  of  rock,  concrete, 
wood,  and  steel  located  in  the  supralittoral  zone.  This  association  becomes  particu¬ 
larly  prominent  during  the  period  from  mid-  to  late  summer,  but  it  persists  well 
into  late  autumn  at  this  location. 

DESCRIPTION  OF  ILLINOIS  MATERIAL 

Illinois  specimens  of  A.  smaragdina  agree  in  size,  appearance,  and  habitat 
preference  attributed  to  the  taxon  by  Paseher  and  Schiller  (1925),  Smith  (1950),  and 
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Prescott  (1962,  1968,  1970).  Voucher  specimens  collected  in  1980  are  on  deposit  in 
the  Elizabeth  Teter  Lunn  Herbarium  of  Lake  Forest  College.  Description  of  Illinois 
material: 

Thallus  attached,  filamentous,  simple  at  first  but  becoming  increasingly 
branched  with  age,  the  branches  originating  by  dislocation  of  certain  cells 
of  the  filaments  in  a  fashion  similar  to  the  habit  of  ‘false-branching 
common  among  certain  filamentous  cyanophvtes;  individual  cells  of  the 
filaments  globose  or  oblong  to  cylindrical,  closely  to  widely  spaced  in  a 
well-developed,  hyaline  sheath,  8.2  to  16.5  fxm  long,  8.2  to  9.9  pm  in 
diameter  (excluding  sheath);  chloroplasts  solitary,  stellate  and  central  in 
each  cell,  bright  bluish-green  with  a  single,  usually  prominent  pyrenoid; 
plants  commonly  epiphytic  on  attached,  macroscopic  algae  such  as  Cladophora 
and  Bangia  in  the  supralittoral  zone. 

As  a  rule  Asterocystis  was  associated  chiefly  with  Cladophora  at  all  sampling 
stations  (Figures  1  and  2).  Its  establishment  on  Bangia  was  less  frequent  (Figure  3). 
The  small  size  of  the  epiphyte  renders  it  easily  overlooked  on  the  branching  thallus 
of  a  host  plant  such  as  Cladophora.  Once  discovered,  its  bright  bluish-green 
pigmentation  and  apparent  habit  of  false  branching  lure  one  to  assume,  however, 
incorrectly,  that  it  is  a  cyanophyte  belonging  to  the  Scytonemataceae  (Cyanophyceae). 
But  the  recognition  that  in  each  cell  there  is  a  single,  large  chlorplast  and  central 
pyrenoid  quickly  suggests  a  eukaryotic  organization  (Figure  4). 

Affinities  of  Asterocystis  with  other  rhodophycean  taxa  are  found  in  the  subclass 
Bangiophyeidae.  These  plants  generally  lack  pit  connections  and  any  means  of 
sexual  reproduction.  Individual  cells  of  most  genera  contain  a  solitary,  stellate 
chloroplast  with  a  single  pyrenoid.  Multiplication  occurs  via  monospores,  cell 
division,  or  fragmentation.  According  to  Prescott  (1968),  Asterocystis  is  the  freshwa¬ 
ter  counterpart  of  the  marine  genus,  Goniotrichum  Kutz.  Both  genera  typically 
develop  as  epiphytes. 


DISCUSSION 

Normally,  the  discovery  of  a  single  alga  representing  a  new  distribution  record 
would  arouse  little  attention.  But  in  the  case  of  freshwater  red  algae,  new  findings 
are  usually  greeted  with  more  than  passing  interest.  Such  is  the  case  here.  It  is  true 
that  Prescott  (1962)  reported  several  locations  for  A.  smaragdina  in  nearby  Wisconsin, 
but  all  are  in  small  inland  lakes  generally  unassoeiated  with  Lake  Michigan. 

The  discovery  of  A.  smaragdina  in  Lake  Michigan  is  especially  interesting  in 
light  of  the  recent  establishment  of  Bangia  atropurpurea  in  the  same  environment. 
One  pauses  to  consider  which  became  established  first.  Bangia  was  collected  from 
Lake  Michigan  at  Chicago  in  1968  (Lin  and  Blum,  1977;  Weik,  1977)  and  is 
suspected  of  having  entered  the  Great  Lakes  via  the  St.  Lawrence  Seaway  at  some 
earlier  time.  However,  the  minute  size  and  epiphytic  habit  oi  Asterocystis  may  have 
been  a  contributing  factor  in  its  being  overlooked  before  the  discovery  of  Bangia . 
Certainly  its  primary  host,  Cladophora,  was  well  established  in  the  lake  before  1968 
(Britton,  1944).  In  any  case  the  debut  of  Asterocystis  further  documents  the  subtle 
changes  that  have  been  noted  over  the  past  two  decades  in  the  mix  of  populations  of 
attached  algae  in  Lake  Michigan.  Likewise  in  this  regard,  it  is  of  interest  to  note  the 
recent  discovery  by  Schloesser  and  Blum  (1980)  of  Sphaecelaria  (S .  lacustris 
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Schloesser  and  Blum),  a  freshwater  brown  alga,  in  the  same  general  area  of  Lake 
Michigan. 

Finally,  the  discovery  of  A.  smaragdina  brings  the  total  number  of  rhodophycean 
taxa  reported  for  Illinois  to  five.  Previously  reported  taxa  include  the  aforemen¬ 
tioned  Bangia  atropurpurea  as  well  as  Batrachospermum  boryanum  Sirod.  (Transeau, 
1913),  Lemanea  australis  Atk.  (Dillard,  Weik,  and  Mohlenbroek,  1963),  and  Thorea 
ramosissima  Bory  (Hedgecock  and  Hunter,  1899). 

LITERATURE  CITED 

Britton,  M.  E.  1944.  A  Catalog  of  Illinois  Algae.  Northwestern  University,  Evanston.  177p. 

Dillard,  G.,  K.  L.  Weik,  and  R.  H.  Mohlenbroek.  1963.  Notes  on  the  Algal  Flora  of  Illinois.  Am. 
Midi.  Nat.  69(1):  127-135. 

Hedgecock,  G.  G.  and  A.  Hunter.  1899.  Notes  on  Thorea.  Bot.  Gaz.  28:424-429. 

Lin,  C.  K.  and  J.  L.  Blum.  1977.  Recent  Invasion  of  a  Red  Alga,  Bangia  atropurpurea  in  Lake 
Michigan.  J.  Fish  Res.  Board  Can.  34(12):2413-2416. 

Pascher,  A.  and  J.  Schiller.  1925.  Rhodophyta  (Rhodophyceen)  in  Die  Susswasserflora  Deutschlands, 
Osterreichs  und  der  Schweiz.  11:159-161. 

Prescott,  G.  W.  1962.  Algae  of  the  Western  Great  Lakes  Area,  2nd  ed.  Wm.  C.  Brown  Company, 
Publishers,  Dubuque.  977p. 

Prescott,  G.  W.  1968.  The  Algae:  A  Review.  Houghton  Mifflin  Company,  Boston.  436p. 

Prescott,  G.  W.  1970.  How  to  Know  the  Freshwater  Algae,  2nd  ed.  Wm.  C.  Brown  Company, 
Publishers,  Dubuque.  348p. 

Schloesser,  R.  E.  and  J.  L.  Blum.  1980.  Sphaecelaria  lacustris  sp.  nov. ,  a  Freshwater  Brown  Alga  from 
Lake  Michigan.  J.  Phycol.  16(2):201-207. 

Smith,  G.  M.  1950.  Freshwater  Algae  of  the  United  States,  2nd  ed.  McGraw-Hill  Book  Company, 
Inc.,  New  York.  348p. 

Transeau,  E.  N.  1913.  Annotated  List  of  the  Algae  of  Eastern  Illinois.  Trans.  Ill.  State  Acad.  Sci. 
6:69-89. 

Weik,  K.  L.  1977.  The  Occurrence  of  Bangia  atropurpurea  (Roth)  C.  Ag.  (Rhodophvceae)  in  Illinois 
Waters  of  Lake  Michigan.  Trans.  Ill.  State  Acad.  Sci.  69(4):490-493. 


■ 


. 


Transactions  of  Illinois  Academy  of  Sciences 
(1982),  Volume  75,  3  and  4,  pp.  179-191 


IMPLEMENTATION  OF  TOXIC  GAS 
MONITORS  WITH  COMPUTER 
LOGIC  CIRCUIT 


Sengoda  Ganesan 


Department  of  Industry  and  Technology 
Northern  Illinois  University 
DeKalb,  IL  60115 


ABSTRACT 

The  inherent  problems  with  toxic  gas  monitors  with  continuous  tape  move¬ 
ment  are  the  low  resolution  due  to  the  tape  background  and  the  high  operating  cost 
caused  by  the  requirement  for  frequent  tape  changes.  This  paper  presents  an 
incremental  tape  movement  technique  to  alleviate  the  problems  associated  with  the 
continuous  tape  movement. 


INTRODUCTION 

Toxic  gas  detectors  can  be  constructed  with  one  of  several  commercially 
available  paper  tape  cassettes.  These  tapes  will  respond  by  changes  in  surface  color 
(referred  to  as  stain  level)  when  they  are  exposed  to  a  particular  gas.  Commercial 
paper  tapes  are  chemically  treated  to  be  compatible  with  the  gas  to  be  monitored 
and  therefore,  by  a  proper  selection  of  paper  tape  cassettes,  one  can  monitor  a 
variety  of  gases  such  as  hydrogen  chloride,  phosgene,  isocvanate,  ammonia,  chlorine, 
and  hydrazine. 

The  basic  configuration  of  a  gas  monitor  is  as  shown  in  Figure  1.  The  gas  to  be 
monitored  is  drawn  through  the  tape  by  a  low  pressure  diaphragm  pump.  Stain 
levels  are  detected  by  an  opto-electric  circuit  consisting  of  a  light  source  and  two 
photo  cells  (reference  and  signal)  as  shown  in  Figure  2.  The  photocells  are  mounted 
side  by  side  on  an  optic  block  so  that  the  reflected  lights  from  the  blank  and  the 
exposed  parts  of  the  tape  are  viewed  by  the  reference  and  signal  photocells, 
respectively  (Figure  3).  The  light  source,  whose  intensity  is  equivalent  to  stain  level 
of  blank  tape  (zero  stain),  is  provided  by  a  pair  of  lamps  connected  in  series  (Figure 
2).  Since  the  reference  photocell  is  mounted  so  as  to  view  the  reflected  light  from 
the  blank  tape,  its  internal  resistance  varies  as  a  function  of  zero  strain,  thereby 
controlling  the  output  of  the  differential  amplifier  Ul.  Thus,  whenever  there  is  a 
change  of  tape  background,  the  intensity  of  the  light  source  will  change  due  to  the 
change  of  internal  resistance  of  the  reference  photocell. 
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The  output  of  the  signal  photocell  (transducer)  viewing  the  reflected  light  from 
the  exposed  part  of  the  tape  gives  the  gas  concentration  with  respect  to  the  zero 
strain  level.  To  obtain  a  high  resolution  for  the  voltage  range  (mV  range)  provided 
by  the  transducer,  an  amplifier  (U2)  with  a  minimum  predetermined  gain  is 


FIGURE  1.  BLOCK  DIAGRAM  OF  TOXIC  GAS  MONITOR 


FIGURE  2. 


OPTO-ELECTRIC  CIRCUIT 
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interfaced  with  the  transducer  output.  The  amplifier  output  drives  an  alarm  circuit 
and  a  panel  meter  as  shown  in  Figure  2.  Whenever  gas  concentration  exceeds  the 
tolerance  level,  the  transducer  output  activates  a  buzzer  in  the  alarm  circuit.  The 
panel  meter  is  calibrated  to  monitor  gas  concentration  directly. 


FIGURE  3.  OPTIC  BLOCK 


FIGURE  3A. 


TAPE  TRANSPORT  SYSTEM 
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Tape  stain  levels  are  irreversible  and  therefore,  a  motorized  tape  transport 
system  is  employed  to  advance  unexposed  tape  sections  in  front  of  the  photocells 
mounted  on  the  optic  block.  Most  of  the  commercial  toxic  gas  monitors  are 
implemented  with  continuous  tape  movement  using  a  slow  speed  motor  turning  a 
capstan  drive  along  with  a  rubber  pinch  roller  to  provide  enough  friction  for  smooth 
tape  advancement  as  shown  in  Figure  3a.  The  whole  system  is  usually  housed  in  a 
“Nema  Box  type  enclosure  to  prevent  the  tape  from  being  exposed  to  the  external 
environment. 

Monitors  with  continuous  tape  movement  must  be  calibrated  in  the  laboratory 
by  means  of  stain  cards  with  two  artificial  stain  spots.  With  the  stain  spot  for  zero 
stain  facing  the  photocells,  the  variable  resistor  (Rl)  associated  with  the  reference 
photocell  must  be  adjusted  for  zero  panel  meter  reading.  The  same  procedure  must 
be  repeated  with  the  gain  spot  and  resistor  R2,  associated  with  signal  photocell  for 
full  scale  deflection  of  panel  meter. 

The  problems  associated  with  the  commercial  toxic  gas  monitors  are  due  to  the 
continuous  tape  movement  and  the  tape  background  noise.  In  addition  to  the 
requirement  for  frequent  tape  changes,  the  tape  movement  rate  must  be  low 
enough  to  provide  an  exposed  part  of  the  tape  with  sufficient  stain  reaction  time. 
The  zero  stain  problem  with  the  continuous  tape  movement  is  due  to  the  heteroge¬ 
neous  nature  of  paper  tape  for  a  given  chemical  composition.  Due  to  the  fact  that 
no  two  spots  of  tape  have  the  same  background,  the  practice  of  using  a  reference 
cell  gives  gas  concentration  readings  with  respect  to  zero  stain  for  the  spot  facing 
the  reference  cell.  Also  the  practice  of  using  a  reference  cell  will  lead  to  the 
possible  problem  of  spot  overlap.  Whenever  gas  with  high  toxic  level  is  monitored, 
the  stain  formed  at  the  spot  facing  the  signal  photocell  will  grow  and  reach  the  spot 
facing  the  reference  cell  thereby  increasing  the  zero  stain  level.  This  increased  zero 
stain  level  will  result  in  a  low  concentration  reading. 

This  paper  presents  an  incremental  tape  technique  which,  when  added  to  the 
existing  monitors  with  continuous  tape  movement,  will  alleviate  the  inherent 
problems  associated  with  continuous  tape  movement  monitors. 

INCREMENTAL  TAPE  TECHNIQUE 

HARDWARE 

The  problems  associated  with  the  continuous  tape  movement  can  be  eliminat¬ 
ed  by  the  use  of  an  incremental  tape  circuit.  In  the  incremental  tape  technique,  the 
tape  is  advanced  and  held  at  the  optic  block  for  a  predetermined  time  (referred  to 
as  sample  time).  Since  the  tape  is  held  stationary  during  the  sample  time,  sufficient 
time  is  provided  for  stain  formation.  Also,  at  the  beginning  of  the  sample  time,  the 
signal  from  the  signal  transducer  is  treated  as  zero  stain  thereby  completely 
eliminating  the  problem  associated  with  the  heterogeneous  nature  of  tape. 

Incremental  tape  logic  is  achieved  by  the  use  of  a  computer  logic  circuit 
(Figure  4).  It  is  interfaced  with  the  opto-electric  circuit,  panel  meter,  and  the  alarm 
circuit  through  a  3PDT  switch  as  shown  in  Figure  5.  The  3PDT  switch  can  be  set  in 
one  of  two  positions  (RESET,  RUN).  When  the  switch  is  in  the  RESET  position, 
the  incremental  circuit  is  isolated  from  the  system  and  the  zero  stain  and  gain 
adjustments  are  made  as  in  the  case  of  continuous  tape  movement.  The  system  is 
controlled  by  the  computer  logic  circuit  when  the  switch  is  in  the  RUN  position. 
During  the  RUN  mode,  the  amplified  analog  signal  from  the  opto-electric  section  of 
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FIGURE  4.  INCREMENTAL  TAPE  LOGIC  CIRCUIT 


FIGURE  5. 


BLOCK  DIAGRAM  OF  TOXIC  GAS  MONITOR 
WITH  INCREMENTAL  TAPE  LOGIC 
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the  system  is  fed  to  the  computer  circuit  by  the  use  of  an  analog  to  digital  converter 
(A/D).  The  A/D  is  interfaced  with  the  processor  by  a  hand  shake  data  transfer 
technique  in  order  to  compensate  for  their  speed  difference.  The  status  of  analog  to 
digital  conversion  is  indicated  by  the  output  I  NTH  of  the  A/D.  Upon  sensing  an 
active  TTsTTR  signal,  the  processor  will  read  the  gas  concentration  in  digital  form 
from  the  A/D.  Since  the  A/D  has  a  resolution  of  eight  hits,  there  are  256  possible 
digital  readings.  In  order  to  read  the  digital  data  from  the  A/D  as  the  direct 
measurement  of  the  amplified  analog  signal,  a  reference  voltage  of  2.56  volts  is 
provided  for  the  A/D  as  shown  in  Figure  4.  For  this  direct  digital  stain  measurement, 
the  digital  ground  and  panel  meter  reference  voltages  must  be  the  same.  The 
incremental  tape  circuit  uses  2K  bytes  of  EPROM  (implemented  with  INTELs 
IC2716)  for  program  storage  and  32  bytes  of  RAM  memory  (implemented  with 
RCAs  IC1824)  for  data  storage.  The  processed  digital  stain  data  from  the  processor 
is  converted  back  to  analog  form  by  the  use  of  a  digital  to  analog  converter  (D/A)  in 
order  to  drive  the  panel  meter.  The  A/D  and  the  D/A  are  located  in  the  memory 
map  so  that  they  can  be  addressed  by  the  device-select  pulses  generated  by  the 
memory  address  decoder  (implemented  with  RCAs  IC1866).  The  I/O  address 
decoder,  implemented  with  RCAs  IC1853,  generates  device-select  pulses  for 
driving  one  input  and  a  pair  of  output  devices.  The  input  device  is  used  for 
selecting  the  sample  time  and  it  consists  of  a  pair  of  4  bit  tri-state  buffers  (IC  1857) 
and  an  8  position  dip  switch.  The  computer  logic  circuit  uses  the  output  devices  in 
order  to  switch  the  motor  and  pump.  The  output  devices  consist  of  a  dual  D-Flip 
flot  and  a  pair  of  solid  state  relays  (CRYDUM’s  DC/AC  6412).  With  the  exception  of 
the  EPROM,  A/D,  and  the  D/A,  the  incremental  tape  circuit  is  implemented  with 
CMOS  devices  because  of  their  high  noise  immunity  and  low  power  consumption. 

SOFTWARE 

The  important  aspect  of  a  toxic  gas  monitor  with  incremental  tape  movement  is 
that  it  is  a  software-controlled  hardware.  Sufficient  time  and  effort  must  be  spent  for 
developing  software  in  order  to  utilize  the  instrument  effectively.  The  program  logic 
begins  with  the  initialization  of  stain  and  device  pointers.  The  sample  time  is  then 
read  and  stored  in  one  of  the  buffers  located  in  RAM  memory.  Two  locations  of 
RAM  memory  (Stain  buffers)  are  reserved  under  the  labels  OSTAIN  and  NSTAIN 
in  order  to  gave  gas  concentration  levels  of  the  last  and  the  current  sample 
intervals,  respectively.  The  stain  buffers  are  reset  before  the  start  of  first  sample 
interval.  The  sample  interval  logic  consists  of  tape  advance  and  monitor  routines. 
The  order  of  functions  to  be  performed  in  the  tape  advance  routine  is  as  follows: 

A.  Turn  pump  off  and  motor  on. 

B.  Enter  a  time  delay  routine  for  advancing  the  tape. 

C.  Turn  motor  off. 

D.  Enter  a  time  delay  routine  for  suppressing  motor  noise. 

E.  Read  and  save  zero  stain  in  the  ZSTAIN  buffer. 

E  Load  the  stain  buffers  in  order  to  start  the  next  sample  interval. 

G.  Load  the  panel  meter  with  the  content  of  NSTAIN  buffer  and  reset 
NSTAIN. 

H.  Activate  the  pump  and  enter  a  time  delay  routine  for  suppressing  pump 
noise. 

At  the  completion  of  tape  advance  routine,  the  pump  draws  gas  samples 
through  the  fresh  tape  to  form  stain.  The  processor  enters  a  monitor  routine  in 
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order  to  read  stain  for  the  rest  of  the  sample  interval.  The  duration  of  this  interval  is 
controlled  by  the  sample  interval  time  that  was  read  and  saved  in  RAM  memory 
during  the  tape  advance  routine.  In  the  monitor  routine,  the  processor  samples  the 
A/D  continuously.  The  zero  stain  is  subtracted  from  the  A/D  readings  to  generate 
gas  concentration  levels.  The  instantaneous  maximum  of  any  two  consecutive 
positive  gas  concentration  levels  is  always  saved  in  the  N STAIN  buffer.  Thus,  at  the 
end  of  the  monitor  routine,  the  content  of  NSTAIN  buffer  represents  the  toxic  level 
of  the  gas  sample.  When  the  monitor  routine  is  completed,  the  control  is  trans¬ 
ferred  to  the  tape  advance  routine  of  the  next  sample  interval.  The  flow  chart  and 
the  listing  of  the  software  are  as  shown  in  Figure  6  and  Figure  7. 
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FIG.  6  INCREMENTAL  TAPE  TECHNIQUE  PROGRAM 
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LOOP2  LDI  80H;  PLO  R9 

LOOP1  DEC  R9 

GLO  R9 
BNZ  LOOP1 
DEC  R8 
BNZ  LOOP2 

OUT  MOTOR  Motor  off 

DC  01 H 

LDI  20H:  PLO  R8  Time  delay  for  motor  noise 

LOOP4  LDI  80H;  PLO  R9 

LOOP3  DEC  R9 

GLO  R9 
BNZ  LOOP3 
DEC  R8 

FIG.  6.  INCREMENTAL  TAPE  TECHNIQUE  PROGRAM  (Continued) 
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Fig.  6.  INCREMENTAL  TAPE  TECHNIQUE  PROGRAM  (Continued) 
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SM 

BM  LOOP9 
PLO  RE 
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SM 

BM  LOOP9 
GLO  RE 
STR  NSTAIN 
SEX  OSTAIN 
SM 

BM  LOOP9 
GLO  RE 
STR  DTOA 
LOOP9  GLO  R9 

BNZ  LOOPIO 
GLO  R8 
BNZ  LOOP11 
LBR  LOOP12 
END 

Fig.  6.  INCREMENTAL  TAPE  TECHNIQUE  PROGRAM  (Continued) 

CONCLUSION 

The  incremental  tape  circuit  described  in  this  paper  is  designed  to  monitor  a 
single  sample  point.  But,  this  computer  logic  circuit  can  be  easily  expanded  to 
monitor  gases  from  multiple  sample  points.  When  monitoring  gas  concentration 
levels  from  multiple  points,  the  monitor  is  stationed  at  a  central  location.  The  gas 
samples  from  various  locations  are  brought  to  the  monitor  by  the  tubing  arrange¬ 
ment  as  shown  in  Figure  8.  The  solenoid  valves  (SI,  S2,  S3,  .  .  .  Sn)  are  actuated  by 
the  monitor.  The  pump  PI  is  always  on  in  order  to  purge  gas  samples  through  the 
main  tubing;  whereas,  the  pump  P2  is  controlled  by  the  monitor  to  draw  gas 
samples  only  when  needed.  Normally,  the  monitor  operates  in  parallel  mode.  In 
the  parallel  mode,  all  the  solenoid  valves  are  open  and  a  gas  mixture  from  all  the 
locations  is  purged  through  the  main  tubing.  The  gas  mixture  thus  formed  is 
monitored  using  a  procedure  similar  to  the  one  for  single  point  sampling.  If  a 
significant  toxic  level  is  detected,  the  monitor  will  enter  a  sequential  mode.  In  the 
sequential  mode,  individual  sample  points  are  monitored  to  identify  the  location  or 
the  locations  having  high  level  concentration.  Significant  cost  reduction  can  thus  be 
achieved  by  monitoring  multiple  sample  locations  with  a  single  gas  monitor.  Also,  in 
the  incremental  tape  technique,  the  requirement  for  frequent  change  of  tape  can  be 
minimized  by  reusing  the  tape  for  more  than  one  sample  time  if  the  toxic  level  is 
not  significant.  In  most  of  the  personal  gas  monitoring  systems,  it  is  required  to 
document  time  weighted  average  (TWA)  of  toxic  gas  level  for  a  given  period  of  time. 
This  can  be  easily  achieved  by  interfacing  a  real  time  clock  circuit  and  a  non-volatile 
memory  system  (such  as  disk  drive)  with  the  incremental  tape  circuit. 

The  most  important  aspect  of  the  incremental  tape  technique  is  that  it  is 
implemented  with  a  computer  logic  circuit.  Computer  logic  circuits  are  software- 
controlled  and  therefore,  by  a  proper  selection  of  program  logic,  functions  such  as 


Skip  on  no  stain 
Save  Stain  level 

Check  for  increase  in  stain  level 

Skip  on  no  stain  increase 
Redefine  new  stain  when  there  is 
stain  increase 

Check  if  current  stain  is  greater 
than  meter  reading 

Update  meter  if  NSTAIN  is  greater 
than  display 
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multiple  sample  point  monitoring,  tape  reusage,  and  TWA  can  be  easily  achieved 
without  major  changes  in  the  hardware. 
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Figure  7.  FLOW  CHART  FOR  INCREMENTAL  TAPE  TECHNIQUE  (Continued) 


Transactions  of  the  Illinois  Academy  of  Science 


191 


FIGURE  8. 


BLOCK  DIAGRAM  OF  TOXIC  GAS  MONITOR 
WITH  MULTIPLE  SAMPLE  POINTS 
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ABSTRACT 

The  mites  and  collembola  from  litter  and  soil  samples  from  adjacent  ungrazed 
and  overgrazed  pastures  were  compared.  Four  times  as  many  organisms  were  found 
in  the  ungrazed  litter  samples  and  twice  as  many  in  the  ungrazed  soil  samples  as  in 
the  overgrazed  samples.  The  diversity  indext  of  the  ungrazed  litter  organisms  was 
twice  as  large  as  that  of  the  overgrazed  litter  organisms.  Cold  weather  greatly 
reduced  litter  Cryptostigmatidae  and  soil  Smythuridae  populations. 


INTRODUCTION 

The  effects  of  overgrazing  on  pasture  soil  and  vegetation  have  been  widely 
studied  but  little  examination  has  been  made  of  its  effect  on  soil  microarthropod 
communities.  Mites  and  Collembola  are  an  interesting  and  important  component  of 
soil  communities  and  large  scale  ecosystem  disruptions  by  macro-organisms  should 
be  reflected  in  changes  in  population  densities  and  species  diversity  of  the  micro¬ 
arthropods.  Accordingly,  litter  and  soil  samples  from  adjacent  overgrazed  and 
ungrazed  pastures  were  collected.  The  microarthropods  were  isolated  from  the 
samples,  classified,  and  compared  to  determine  the  effects,  if  any,  overgrazing  had 
had  on  the  soil  microarthropod  community. 

The  one  half  hectare  study  site,  located  in  Makanda  Township  on  Giant  City 
Road  eight  miles  southeast  of  Carbondale,  Illinois,  is  rolling  hills  of  tight  clay  soil 
that  has  supported  grassland  for  at  least  fifty  years.  It  has  been  used  as  a  pasture  for 
cattle  and  horses  for  all  of  that  time  except  in  the  early  1960  s  when  it  was  plowed, 
limed,  fertilized  and  planted  to  soybeans  and  corn  for  about  five  years.  It  had 
reverted  again  to  heavily  grazed  pasture  when  it  was  purchased  and  fenced  oft  in 
1970.  It  was  then  mowed  regularly.  The  clippings  were  composted  with  table  scraps 
and  other  household  organic  residues  and  scattered  over  the  pasture  along  with 
wood  ashes  from  a  large  fireplace. 
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Mites  and  Collembola  in  Jackson  County 


In  1979  the  land  was  sold  again,  the  strewing  of  compost  and  ashes  ceased  and 
most  of  it  was  fenced  off  to  provide  pasture  for  a  horse  and  calf.  The  enclosed  land 
was  too  small  for  the  animals  and  was  quickly  overgrazed  to  40%  stubble  and  60% 
bare  ground.  Soil  and  litter  samples  from  inside  and  outside  of  the  fence  were 
collected  and  their  soil  microarthropods  were  compared. 

Most  studies  of  mites  and  Collembola  have  been  conducted  in  forests,  however, 
King,  Hutchinson  and  Greenslade  (1976)  and  King  and  Hutchinson  (1976)  in 
thorough  pasture  studies  in  Australia  found  the  number  of  species  of  these 
organisms  were  reduced  as  the  grazing  intensity  of  sheep  was  increased.  The 
evenness  component  of  the  species  diversity  index  for  Collembola  increased  as 
numbers  of  sheep  were  increased.  Dowdy  (1965)  studying  mites  and  Collembola  on 
pasture  and  woodland  sites  concluded  that  the  greatly  reduced  microfaunal  popula¬ 
tions  found  in  the  grasslands  may  have  resulted  from  the  removal  by  man  of  the 
original  macrofaunal  and  floral  community  and  its  replacement  with  different  and 
fewer  species. 


MATERIALS  AND  METHODS 

Decimeter  square  samples  of  litter  were  collected.  Soil  samples  five  centime¬ 
ters  deep  and  five  centimeters  in  diameter  were  removed  from  the  center  of  each  of 
the  litter  samples  sites.  Four  litter  and  four  soil  samples  from  the  overgrazed 
pasture  were  collected  five  meters  apart  along  a  line  parallel  to  and  two  meters  in 
from  the  fence  on  each  of  three  sampling  days.  Likewise,  four  litter  and  four  soil 
samples  were  collected  from  the  ungrazed  pasture  every  five  meters  along  a  line 
parallel  with  and  two  meters  outside  of  the  fence  on  each  of  the  three  collecting 
days.  A  total  of  forty-eight  samples  were  collected.  The  soil  surface  temperature  was 
measured  each  collecting  day. 

The  samples  were  placed  in  labeled  plastic  ziplock  bags  and  taken  to  the  lab 
where  they  were  put  in  berlise  funnels  and  allowed  to  dry  at  room  temperature  for 
twenty-four  hours.  The  funnels  were  heated  for  the  next  ten  days  by  twenty-five 
watt  bulbs  placed  0.5  meters  above  them.  Under  the  funnels  were  five  centimeter 
by  five  centimeter  collecting  jars  filled  with  thirty  C.C.  of  a  75%  isopropyl  alcohol, 
20%  water,  5%  glycerine  solution,  which  were  refilled  as  necessary.  An  extra  funnel 
containing  no  sample  was  set  up  beside  each  of  the  three  sets  of  experimental 
funnels  to  serve  as  a  control.  Jars  of  the  preservative  were  placed  under  the  control 
funnels. 

After  ten  days  the  organisms  that  had  accumulated  in  the  collecting  jars  were 
washed  into  small  petri  dishes,  identified  and  counted.  Identification  of  the  mites 
collected  were  made  to  suborder  and  of  the  Collembola  to  family  using  dissecting 
microscopes  and  keys  from  Dindal  (1971),  Jaques  (1947),  Kranz  (1978)  and  Christinsen 
and  Bellinger  (1980).  Over  the  course  of  the  experiment  organisms  from  twelve 
litter  samples  from  the  overgrazed  pasture  were  collected,  analysed  and  compared 
to  organisms  from  twelve  litter  samples  from  the  ungrazed  pasture.  Organisms  from 
twelve  soil  samples  from  the  overgrazed  pasture  were  compared  to  organisms  from 
twelve  soil  samples  from  the  ungrazed  pasture. 

A  diversity  index  was  calculated  using  Simpson  s  method  (1949)  for  each  of  the 
four  study  components:  overgrazed  and  ungrazed  pasture  litter  samples  and  overgrazed 
and  ungrazed  pasture  soil  samples.  The  formula  used  is  D  =  N(N-l)/n(n-l)  where  D 
equals  diversity  index,  N  equals  total  number  of  all  species  and  n  equals  the 
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number  of  individuals  of  a  species.  Indices  from  soil  microarthropod  samples  from 
the  two  pastures  were  compared  as  were  indices  from  the  two  types  of  litter 
samples. 


RESULTS  AND  DISCUSSION 

No  organisms  were  collected  in  jars  placed  under  any  of  the  three  control 
funnels  which  assured  us  that  the  organisms  found  in  the  collecting  jars  placed 
beneath  the  funnels  containing  soil  and  litter  samples  came  from  those  samples  and 
not  from  other  samples,  the  laboratory  or  the  equipment. 

One  hundred  and  thirty-nine  microarthropod  specimens  were  collected  from 
ungrazed  litter  samples  compared  with  only  thirty-six  from  the  overgrazed  pasture. 
Twenty-six  of  the  thirty-six  organisms  from  the  overgrazed  site  were  Cryptostigmata 
while  the  remainder  were  of  four  other  taxa.  Fifty-four  Cryptostigmata  were  found 
in  litter  from  ungrazed  sites  along  with  twenty-six  Entomobriadae,  twenty  Meso- 
stigmata,  twenty-six  Eleutheregona  and  three  Smythuridae.  See  Table  1. 


Table  1.  Numbers  of  Mites  and  Collembola  collected  from  each  sample.  C  controls;  GL  overgrazed  litter  samples;  UL  ungrazed 
litter  samples;  G  overgrazed  soil  samples;  U  ungrazed  soil  samples.  UL  ungrazed  litter  samples. 
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Thermal  Variation  and  Heat  Uptake 


Two  hundred  and  fifteen  microarthropod  specimens  were  found  in  the  soil 
samples  from  the  ungrazed  pasture  whereas  only  ninety-nine  were  collected  from 
samples  from  the  overgrazed  pasture.  Thirty-one  Smythuridae,  fourteen  Entomobryidae 
and  forty-six  Cryptostigmatidae  made  up  the  majority  of  microarthropods  from  the 
grazed  pasture.  Forty-three  Smythuridae,  twenty-three  Entomobryidae,  one  hun¬ 
dred  twenty-eight  Cryptostigmatidae,  eleven  Eleutherengona  and  three  other  taxa 
came  from  the  ungrazed  pasture  soil  samples.  See  Table  1. 

The  diversity  index  for  the  microorganisms  from  the  overgrazed  litter  samples 
was  1.864  while  the  diversity  index  from  the  ungrazed  litter  was  4.136.  The  soil 
samples  from  the  overgrazed  pasture  provided  a  diversity  index  of  3.020  while  the 
soil  samples  from  ungrazed  pasture  had  a  diversity  index  of  2.459. 

The  first  set  of  samples  were  collected  on  January  29,  1981  at  9  a.m.  while  the 
temperature  at  the  soil  surface  was  0°C.  The  second  set  of  samples  were  collected  at 
noon  on  February  19,  1981  while  the  temperature  at  the  soil  surface  was  11°C.  The 
third  set  of  samples  were  collected  at  2:30  p.m.  on  March  12,  1981  while  the 
temperature  at  the  soil  surface  was  11°C. 

The  Cryptostigmatidae  were  much  more  numerous  in  samples  collected  from 
overgrazed  pasture  during  the  warmer  temperatures,  (see  Table  2).  There  were  no 
Cryptostigmatidae  found  in  litter  samples  from  overgrazed  pasture  collected  on  the 
cold  day  whereas  the  litter  samples  collected  on  the  warmer  day  averaged  three 
Cryptostigmatidae  each.  Soil  samples  from  the  overgrazed  pasture  collected  on  the 
cold  day  averaged  only  one  Cryptostigmatidae  each  while  an  average  of  five  were 
found  in  each  sample  collected  on  warmer  days. 

Soil  samples  show  the  same  relationship  for  Smythuridae:  1.5  per  sample 
collected  in  the  cold  on  overgrazed  pasture,  3  per  sample  on  the  warmer  days;  one 
per  sample  on  ungrazed  pasture  on  the  cold  day,  ten  per  sample  on  the  warmer 
days,  (see  Table  3). 

Table  2.  Average  number  of  specimes  of  Cryptostigmatidae  per  sample  collected  in 
cold  temperature  and  warm  temperature. 


Overgrazed 

Ungrazed 

Overgrazed 

Ungrazed 

Litter 

Litter 

Soil 

Soil 

0° 

0 

5 

1 

12 

11° 

3 

4.5 

5 

10 

Table  3.  Average  number  of  specimens  of  Smythuridae  per  sample  collected  in  cold 
temperature  and  warm  temperature. 
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CONCLUSIONS 

Mites  and  Collembola  were  much  more  numerous  in  litter  and  soil  samples 
taken  from  ungrazed  pasture  than  they  were  from  the  overgrazed  pasture.  Numbers 
of  these  microarthropods  appear  to  correlate  well  with  the  general  appearance  of 
the  vegetation  as  an  index  of  the  condition  of  the  pastures  even  in  winter. 
Considerably  more  species  diversity  was  found  in  the  litter  samples  from  the 
ungrazed  pasture  than  was  seen  in  the  overgrazed  pasture — another  indication  of 
the  health  of  the  communities.  The  diversity  indices  of  the  soil  samples  did  not 
show  the  same  correlation.  The  overgrazed  pasture  had  a  slightly  higher  diversity 
index  than  the  ungrazed  one  because  of  the  very  large  number  of  Cryptostigmatidae 
found  in  the  soil  samples  of  the  latter. 

Litter  organisms,  particularly  the  Cryptostigmatidae  seem  vulnerable  to  cold 
temperature  where  overgrazing  has  reduced  the  ground  cover.  The  average  number 
of  Smythuridae  per  soil  sample  was  nearly  the  same  in  each  pasture  in  cold  weather 
but  was  much  hither  in  the  ungrazed  pasture  in  warmer  temperature. 
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ABSTRACT 

Thermal  variation  and  heat  uptake  in  a  stratified  strip  mine  lake  were  analyzed 
using  data  collected  during  the  heating  periods  of  1978  and  1979.  Temperatures 
increased  throughout  the  water  column  until  the  date  of  maximum  mean  temperature, 
after  which  the  meta-  and  hypolimnion  continued  to  gain  heat  while  the  epilimnion 
cooled.  Heating  rates  were  higher  in  1978  with  the  largest  differences  at  4  (0.183 
vs.  0.078  A°C/day)  and  5  m  (0.104  vs.  0.028  A°C/day).  Birgean  summer  heat  budgets 
(9,990.1  and  9,621.8  cal/cm2)  accounted  for  only  6.8%  and  6.6%  of  total  solar  input. 
Both  the  amount  and  rate  of  heat  uptake  decreased  after  the  summer  solstice. 
Simpson’s  formula  was  as  accurate  as  planimetry  for  calculating  heat  budgets. 


INTRODUCTION 

Many  impoundments  have  been  created  in  Illinois  and  throughout  the  Mid¬ 
west  as  the  result  of  past  reclamation  practices  on  lands  surface  mined  for  coal. 
Lakes  on  mined  land  are  often  quite  distinct  from  other  comparable  lentic  systems 
with  respect  to  physico-chemical,  morphometric,  and  edaphic  characteristics.  Al¬ 
though  strip  mine  lakes  have  been  the  subject  of  numerous  investigations,  especial¬ 
ly  with  reference  to  their  management  potential  (Konik  1980),  the  limnology  of 
these  aquatic  ecosystems  has  not  been  thoroughly  documented. 

For  example,  there  is  little  information  in  the  literature  regarding  the  thermal 
properties  of  strip  mine  lakes  other  than,  at  most,  monthly  surface/bottom  tempera¬ 
tures  or  vertical  profiles  (e.g.  Gibb  and  Evans  1978,  Konik  1980,  and  Lewis  and 
Peters  1954).  An  accurate  characterization  of  the  thermal  regime  in  a  temperate 
impoundment  requires  that  data  be  recorded  at  short  time  intervals,  especially 
during  the  summer  months  (Hutchinson  1957).  No  previous  study  of  strip  mine 
lakes  could  be  found  that  met  this  requirement. 

Vertical  thermal  profiles  of  a  circumneutral,  final-cut  strip  mine  lake,  located  in 
southern  Illinois,  were  recorded  regularly  during  the  heating  periods  of  1978  and 
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1979  (Chimney  1980).  In  light  of  our  limited  understanding  of  the  thermal  characteris¬ 
tics  of  strip  mine  lakes,  it  was  felt  appropriate  that  such  an  analysis  be  conducted 
using  these  data.  This  paper  will  report  on  thermal  variation  and  heat  uptake. 

STUDY  AREA 

This  study  was  conducted  on  Moroni’s  Big  Lake  (MBL),  a  circumneutral, 
final-cut  strip  mine  impoundment  located  approximately  2  km  north  of  DeSoto,  in 
Jackson  County  (T8S-R2W-Sec.8,17),  Illinois  (Fig.  1,  Table  1).  MBL  was  a  second- 
order  lake  according  to  Hutchinson’s  (1957)  criteria;  it  exhibited  strong  thermal 
stratification  (April  through  October)  and  had  hypolimnetic  temperatures  well 
above  4°C.  MBL  lacked  a  natural  inlet  and  only  had  an  outlet  during  periods  of 
high  water.  The  only  significant  recharge  originated  from  immediate  surface  runoff 
and/or  groundwater.  The  lake  was  long  and  narrow  and  well  protected  from  wind 
action  along  its  entire  length  by  high  spoil  banks  and  the  exposed  highwall. 
Additional  information  on  MBL  can  be  found  in  Chimney  (1980,  1981),  Larson 
(1974),  Rickett  (1968),  and  Stahl  (1979). 

MATERIALS  AND  METHODS 

Data  were  collected  during  the  heating  periods  of  1978  and  1979  at  a  single, 
open-water  station  located  in  the  deepest  portion  of  MBL  (Fig.  1).  Water  tempera¬ 
tures  were  measured  at  1  m  intervals  (0-13m)  to  the  nearest  0. 1°C  using  the 
thermistor  on  a  YSI  57  oxygen  meter.  The  amount  of  error  introduced  into 
calculations  by  excluding  data  from  14  m  was  insignificant  due  to  the  small  relative 
volume  of  the  13-14  m  stratum  (only  0.68%  of  total  lake  volume).  Temperature 
profiles  were  recorded  weekly  June  to  September  and  at  less  regular  intervals 
March  to  June  and  September  to  December  during  both  years.  There  were  16 
sampling  dates  in  all  during  1978  and  24  dates  in  1979. 

The  mean  temperature  of  MBL  was  calculated  for  each  date  as  a  weighted 
average  (Cole  1979,  Hutchinson  1957,  Stewart  1973): 


e1+e0  v.  60+e  v0  e  +e  v 

6  =  [-V^(\r)]+[~V^(\r)1+-  •  •+[  x  2  X(\r)]  (1) 


where 


0  =  mean  temperature  of  lake  (°C) 


01.e2,93,0x_1,ex 


water  temperature  at  specified 
depths  (°C) 


V1,V0,V  =  volume  of  stratum  defined  by 

depths  of  water  temperature 
(°C) 

V  =  volume  of  lake  (m  ) 


Heat  uptake  was  calculated  as  Birgean  heat  budgets  (Birge  1915,  as  in 
Hutchinson  1957)  relative  to  the  heat  content  of  MBL  when  4°C  isothermal: 
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where 

heat  budget,  heat  uptake  relative  to 
4  °C  isothermal  condition  (cal/cm2) 

r\ 

surface  area  of  lake  (cm  ) 

A 

area  at  depth  z  (cm  ) 

maximum  depth  (cm) 

difference  between  measured  temp¬ 
erature  at  depth  z  and  4  °C  (°C) 

Heat  budgets  were  computed  for  each  date  during  June  to  September  in  order  to 
establish  the  maximum  heat  uptake  (=  Birgean  summer  heat  budget)  for  both 
years. 

Equation  2  was  evaluated  using  the  Simpson’s  discrete  approximation  program 
contained  in  a  Texas  Instruments  Solid  State  Software®  Master  Library  module  and  a 
TI  59  programmable  calculator.  Simpson’s  formula,  a  widely  used  algebraic  integra¬ 
tion  procedure,  is  highly  reliable  (Adams  1963).  The  accuracy  of  this  algorithm  is 
enhanced  as  the  number  of  values  of  f(x)  used  is  increased.  For  this  reason, 
estimates  of  [ Az(0sz-4)]  at  each  half-meter  depth  (0.5, 1.5, 2. 5, etc.)  were  interpolated 
and  used  in  all  heat  budget  calculations. 

Heat  budgets  for  a  number  of  randomly  selected  dates  were  also  obtained  by 
plainmetric  integration,  the  method  usually  employed  by  limnologists  (Cole  1979, 
Hutchinson  1957).  These  values  were  used  to  evaluate  the  utility  of  Simpson  s 
formula  in  this  application. 

All  statistics  were  calculated  using  a  TI  59  programable  calculator  and  appropriate 
programs  contained  in  a  Texas  Instruments  Solid  State  Software®  Applied  Statistics 
module.  Reference  was  also  made  to  Sokal  and  Rohlf  (1969).  The  critical  level  of 
significance  (a)  used  in  all  cases  was  0.01. 

RESULTS  AND  DISCUSSION 

Temperature  changes  June  to  September  were  plotted  to  examine  the  influ¬ 
ence  of  depth  on  heat  uptake  (Fig.  2).  Temperatures  at  1  m  were  very  similar  to 
those  at  the  surface  (r  =  0.9828  in  1978  and  r  =  0.9916  in  1979)  and  were 
excluded  from  the  figure.  The  dates  of  the  summer  solstice  (22  June,  the  day 
receiving  the  most  solar  radiation  during  the  year)  and  the  maximum  mean 
temperature  (20.2  °C  on  3  August  1978  and  19.5  °C  on  31  July  1979)  were  included 
for  reference. 

The  dates  of  maximum  mean  temperature  separated  the  heating  and  cooling 
periods  in  MBL.  In  general,  temperatures  increased  throughout  the  water  column 
up  until  this  date,  even  though  daily  solar  radiation  had  been  declining  for  more 
than  a  month  (Fig.  2).  This  is  not  unusual  in  temperate  lakes,  although  both  the 
amount  and  rate  of  heat  gain  is  often  substantially  less  after  the  solstice  than  before 
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(Hutchinson  1957).  The  steep  thermal  gradient  which  persisted  after  the  date  of 
maximum  mean  temperature  promoted  the  continued  mixing  of  heat  into  the  meta- 
and  hypolimnion  (4-5  m  and  6-13  m  respectively)  long  after  the  epilimnion  (0-3  m) 
had  begun  to  cool.  Because  the  epilimnion  represented  52.9%  of  total  lake  volume, 
the  mean  temperature  more  closely  reflected  temperature  changes  within  this 
stratum  than  those  of  deeper  waters. 

Temperature  increase  June  to  Stepember  was  approximately  linear  at  most 
depths  (Fig.  2).  The  slope  of  each  line  represented  the  heating  rate  (A°C/day)  at  that 
depth.  The  shape  of  the  heating  rate-depth  curves  were  characteristic  of  a  transport 
process  through  a  stratified  fluid  medium  (Fig.  3).  Overall,  heating  rates  were 
higher  in  1978  and  1979.  The  most  substantial  between-year  differences  occurred 
within  the  metalimnion  (0. 183  vs.  0.078  A°C/day  at  4  m  and  0. 104  vs  0.028  A°C/day  at 
5  m  in  1978  and  1979  respectively)  and  were  attributed  primarily  to  steeper 
temperature  gradients  in  1978.  An  assumption  of  significantly  greater  wind-induced 
turbulence  during  1978  was  not  substantiated  by  inspection  of  local  weather  records 
(unpub.  data). 

The  largest  heat  budgets  (9,990.1  cal/cm2  in  1978  and  9.621.8  cal/cm2  in  1979) 
coincided  with  the  dates  of  maximum  mean  temperature  (Fig.  4).  By  the  summer 
solstice,  MBL  had  acquired  78.6%  and  81.2%  of  that  year’s  summer  heat  budget 
which  was  comparable  with  other  temperate  lakes  (Hutchinson  1957).  The  average 
rate  of  heat  uptake  after  the  solstice  (based  on  a  42  and  39  day  heating  period)  was 
50.8  and  46.4  Acal/cm2/day  in  1978  and  1979  respectively.  The  rate  of  heat  uptake 
prior  to  the  solstice  (based  on  an  approximate  116  day  heating  period  in  both  years) 
was  67.7  and  67.3Acal/cm2/day.  Clearly,  both  the  absolute  amount  and  rate  of  heat 
uptake  were  less  as  daily  solar  radiation  declined.  The  amount  of  solar  radiation 
received  at  this  latitude  (37°50')  during  the  study  period  was  estimated  by  planimetric 
integration  of  the  appropriate  section  of  the  solar  flux  curves  given  in  Gates  (1962, 
Figure  2).  The  calculated  summer  heat  budgets  accounted  for  only  6.8%  and  6.6% 
of  total  radiation  input.  The  rest  of  the  solar  flux  would  have  been  lost  through 
reflection  and  reradiation  back  to  the  atmosphere,  absorption  by  the  sediments,  and 
evaporative  cooling  (Hutchinson  1957,  Wetzel  1975). 

A  matched-pair  t  test  using  data  from  six  dates  indicated  that  no  significant 
differences  existed  between  heat  budgets  calculated  by  Simpson’s  formula  or 
planimetry  (t  =  0.151,  df  =  4).  There  was,  on  average,  only  a  0.37%  difference 
between  the  results  of  each  method  on  any  date.  Simpson’s  formula  proved  to  be  a 
reliable  procedure  for  computing  heat  budgets.  It  had  the  added  advantages  of 
eliminating  both  experimenter  and  instrument  error  associated  with  using  a  planim- 
eter  and  required  considerably  less  time  to  obtain  the  final  result. 
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Table  1.  Morphometric  characteristics  of  Moroni’s  Big  Lake.  Terminology  followed 
Wetzel  (1975)  and  Hakanson  (1981). 


Maximum  Depth  (zm) 

14.0  m 

Maximum  Length  (1) 

538  m 

Maximum  Width  (b) 

100  m 

Mean  Depth  (z) 

6.1  m 

Mean  Width  (b) 

102  m 

Quartile  Depths  (D2s) 

10.8  m 

(Dso) 

4.9  m 

(D75) 

1.9  m 

Relative  Depth  (zr) 

5.3  % 

Shoreline  Length  (L) 
with  islands 

2,362  m 

without  islands 

2,312  m 

Shoreline  Development  (DL) 
with  islands 

2.85 

without  islands 

2.79 

Surface  Area  (A) 

54,747  m2 

Volume  (V) 

336,559  m3 

Volume  Development  (Dv) 

1.31 
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Figure  1.  Bathymetry  of  Moroni’s  Big  Lake  (•)  =  location  of  sampling  station. 


Temperature  (°C) 
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1978 


J  J  A  S 

Figure  2.  Thermal  variation  at  selected  depths  in  Moroni’s  Big  Lake,  June  to  September  1978  and  1979. 
(SS)  =  date  of  summer  solstice;  (0max)  =  date  of  maximum  mean  temperature. 
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Thermal  Variation  and  Heat  Uptake 


Figure  3.  Heating  rates  in  Moroni’s  Big  Lake,  June  to  September  1978  and  1979. 


Figure  4.  Heat  uptake  by  Moroni’s  Big  Lake,  June  to  September  1978  and  1979.  (SS)  =  date  of  summer 
solstice,  (0,nax)  =  date  of  maximum  mean  temperature. 
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ABSTRACT 

Thirty-six  Holstein  cows  were  used  to  determine  the  effects  of  sodium  bicarbon¬ 
ate  (NaHC03)  plus  magnesium  oxide  (MgO),  and  soybean  hulls  in  the  concentrate 
ration  on  concentrate  intake,  milk  yield,  milk  fat,  solids-not-fat,  fecal  pH  and  fecal 
starch.  Cows  were  assigned  to  treatments  based  on  age  and  previous  milk  produc¬ 
tion  for  2  weeks  prepartum  and  18  weeks  postpartum.  During  the  2  weeks 
prepartum  period  the  cows  became  adjusted  to  their  treatment  ration  and  were 
consuming  7  kg  of  concentrate  plus  alfalfa  haylage  ad  libitum  and  4  kg  (dry  basis)  of 
high  moisture  corn  per  head  per  day.  Beginning  3  days  postpartum  the  cows 
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received  the  concentrate  and  haylage  ad  libitum  plus  4  kg  (dry  basis)  of  high 
moisture  corn.  The  three  threatments  were  as  follows:  a)  16%  CP  concentrate  with 
no  buffer;  b)  16%  CP  concentrate  with  1.2%  NaHC03  plus  .8%  MgO;  and  c)  16% 
CP  concentrate  with  30%  soybean  hulls.  The  addition  of  1.2%  NaHC03  plus  .8% 
MgO  to  the  concentrate  ration  had  no  significant  effect  on  milk  yield  and  milk  fat 
%,  but  depressed  concentrate  intake.  Replacing  corn  with  30%  soybean  hulls  in  the 
concentrate  ration  had  no  effect  on  milk  yield,  milk  fat  %  and  concentrate  intake. 
Fecal  pH  was  increased  by  the  addition  of  NaHC03  plus  MgO  and  soybean  hulls  to 
the  concentrate  ration.  Fecal  starch  content  was  not  affected  by  NaHC03  plus  MgO 
but  was  lower  for  the  soybean  hull  group. 

INTRODUCTION 

It  is  often  difficult  to  get  cows  fed  high  levels  of  concentrates  in  their  early 
lactation  to  consume  enough  fiber  to  maintain  normal  milk  fat  content.  The  NRC 
feeding  standard  recommends  that  the  crude  fiber  content  of  ration  dry  matter 
should  be  a  minimum  of  17.3%  (15).  MacGregor  et  al  (12)  showed  soybean  mill  run 
which  has  a  high  fiber  content  to  be  an  effective  replacement  for  corn  and 
maintained  normal  milk  fat  content.  Buffers  such  as  sodium  bicarbonate  (NaHC03) 
and  magnesium  oxide  (MgO)  have  also  maintained  normal  milk  fat  content 
(1,2,4-6,7,10,13,14,18,19,20)  by  neutralizing  acids  in  the  rumen.  However,  the 
benefits  of  feeding  buffers  have  been  variable  as  other  studies  have  shown  no 
improvement  in  milk  fat  content  (3,8,11).  The  objectives  of  this  experiment  were  to 
determine  the  effects  of  NaHC03  plus  MgO,  and  soybean  hulls  in  the  concentrate 
ration  on  concentrate  intake,  milk  yield,  milk  fat,  solids-not-fat,  fecal  pH  and  fecal 
starch. 


EXPERIMENTAL  PROCEDURES 

Thirty-six  Holstein  cows  were  used  in  this  experiment  as  they  became  available 
following  freshening.  The  cows  were  assigned  to  treatment  based  on  age  and 
previous  milk  production  for  2  weeks  prepartum  and  18  weeks  postpartum.  Each 
treatment  group  included  5  first  calf  heifers.  During  the  two  week  prepartum 
period  the  cows  become  adjusted  to  their  treatment  ration  and  were  consuming  7 
kg  of  concentrate  plus  alfalfa  haylage  ad  libitum  and  4  kg  (dry  basis)  of  high 
moisture  corn  per  head  per  day.  The  three  treatments  were  as  follows:  A — 16% 
crude  protein  concentrate  with  no  added  buffer;  B — 16%  crude  protein  concentrate 
with  1.2%  NaHC03  plus  .8%  MgO:  and  C — 16%  crude  protein  concentrate  with 
30%  soybean  hulls.  The  rations  and  compositions  of  ingredients  are  shown  in  Tables 
1  and  2.  The  cows  were  kept  in  a  loose  housing  feeding  set-up  and  had  free  access 
to  the  bunk  ration.  The  concentrate  was  fed  free  choice  through  Calan  feeding 
gates. 

The  concentrate  was  weighed  each  day,  weekly  milk  weights  were  recorded 
and  weekly  fat  and  solids-not-fat  tests  were  conducted.  Cows  were  weighed  at 
calving  and  at  six  weeks  intervals.  Fecal  pH  values  were  determined  at  bi-monthly 
intervals.  Fecal  starch  was  determined  after  the  cows  had  been  on  the  experiment 
for  at  least  6  weeks.  The  starch  analysis  was  carried  out  using  the  phenol-sulfuric 
acid  colorimetic  method  (9)  coupled  with  enzymatic  hydrolysis  of  starch  to  glucose 
(16).  The  enzyme  used  was  a  -  1,  4-glucan  glucohydrolase. 
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RESULTS  AND  DISCUSSION 

As  shown  in  Table  3,  there  were  no  significant  differences  in  milk  yield,  FCM, 
Fat  %  and  SNF  %  between  treatments.  The  addition  of  1.2%  NaHC03  and  .8% 
MgO  had  no  effect  on  milk  yield  and  composition;  however,  these  cows  consumed 
less  (P  <  .01)  concentrate.  Other  studies  have  also  reported  that  NaHC03  and/or 
MgO  had  a  depressing  effect  on  concentrate  intake  when  forage  and  concentrate 
were  fed  separately  (5,6,13,19,20).  However,  NaHCO,3  fed  with  mixed  rations  has 
increased  dry  matter  intake  (1,3,7). 

Soybean  hulls  with  high  fiber  content  were  used  to  replace  30%  of  the  corn  in 
the  concentrate  ration.  This  level  of  soybean  hulls  had  no  significant  effect  on  milk 
yield  and  composition.  The  fiber  content  of  the  soybean  hulls  was  highly  digestible 
and  the  energy  content  equivalent  to  that  of  concentrates  which  may  explain  its 
ineffectiveness  in  raising  the  milk  fat  content  while  maintaining  milk  yields  (12). 
Body  weight  changes  followed  similar  patterns  between  treatments,  losing  weight 
the  first  6  weeks  of  lactation  and  then  gaining  weight,  with  the  exception  of  the 
soybean  hulls  group,  which  did  not  show  a  positive  weight  gain  until  the  12th  week. 
Although  there  were  no  significant  differences  in  gain  of  body  weight  associated 
with  treatments,  the  control  group  did  have  the  higher  weight  gains  following  peak 
production.  Cows  receiving  inadequate  dietary  fiber  sometimes  make  large  body 
weight  gains  (11). 

The  addition  of  NaHC03  plus  MgO  as  well  as  soybean  hulls  significantly 
increased  fecal  pH  (P<  .01)  (Table  4).  Fecal  starch  was  not  significantly  affected  by 
the  addition  of  NaHC03  plus  MgO;  however,  the  addition  of  the  soybean  hulls 
significantly  lowered  fecal  starch  percentage  (P<  .05).  This  is  probably  due  to  the 
lower  amount  of  starch  in  the  soybean  hulls  concentrate  ration.  There  was  no 
significant  correlation  between  fecal  pH  and  fecal  starch.  Snyder,  et  al  reported  no 
difference  in  fecal  pH  and  fecal  starch  when  fed  different  levels  of  NaHC03  but 
found  a  significant  correlation  between  fecal  pH  and  starch  (17).  Buffers  added  to 
high  energy  rations  generally  raised  fecal  pH  (7,21,22,23)  and  provided  a  more 
favorable  gastrointestinal  tract  pH  for  the  digestion  and  utilization  of  starch  (7). 

The  average  daily  milk  production  by  week  showed  no  significant  difference 
between  treatments  (Figure  1).  Most  cows  reached  their  peak  production  during 
the  6th  and  7th  week  of  lactation.  Milk  production  remained  quite  constant  during 
the  18  week  experimental  period.  Likewise,  FCM  was  quite  constant  throughout 
the  study  with  a  slight  decline  towards  the  end  of  the  18  weeks  for  all  treatment 
groups  (Figure  2).  The  average  milk  fat  percentage  by  week  shown  in  Figure  3 
followed  an  expected  pattern  testing  high  during  the  first  2  weeks  of  lactation, 
reached  a  low  point  during  the  6th  and  7th  weeks  of  lactation  and  then  gradually 
increased.  There  was  no  significant  difference  between  treatments. 

In  conclusion,  1.2%  NaHCO,3  plus  .8%  MgO  in  the  concentrate  ration  had  no 
effect  on  milk  yield  or  milk  fat  percentage  but  did  depress  concentrate  intake, 
possibly  indicating  more  efficient  concentrate  utilization.  Replacing  corn  with  30% 
soybean  hulls  in  concentrate  ration  had  no  effect  on  milk  yield,  milk  fat  percentage, 
or  concentrate  intake.  Fecal  PH  was  increased  by  the  addition  of  NaHC03  plus 
MgO  and  soybean  hulls.  Fecal  starch  content  was  not  affected  by  NaHC03  plus 
MgO  but  was  lower  for  the  soybean  hull  group. 
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TABLE  1.  Ingredients  of  rations. 


Ration 

Control 

1.2%  Na  HC03 

30% 

(no  buffer) 

.8%  MgO 

Soybean  hulls 

Concentrate  Mix 


Ground  Corn 

78.4 

76.8 

49.0 

Soybean  meal  (44%) 

19.6 

19.2 

19.6 

Soybean  hulls 

— 

— 

29.4 

Na  HCO 

— 

1.2 

— 

MgO 

— 

0.8 

— 

Mineral  &  Vitamin  Supplement 

2.0 

2.0 

2.0 

Total 

100.0 

100.0 

100.0 

Bunk  Mix 

Alfalfa  haylage 

78.5 

78.5 

78.5 

High  moisture  shelled  corn 

20.3 

20.3 

20.3 

Mineral  &  Vitamin  Supplement 

1.2 

1.2 

1.2 

Total 

100.0 

100.0 

100.0 

TABLE  2.  Compostion  of  ingredients. 

Dry  matter 

Crude  protein3 

g 

Crude  fiber 

Alfalfa  haylage 

61.9 

18.2 

31.7 

High  moisture  shelled  corn 

80.2 

10.2 

5.1 

Ground  corn 

89.0 

10.0 

2.2 

Soybean  hulls 

86.7 

10.4 

43.8 

Soybean  meal 

90.0 

44.0 

6.7 

Dry  basis 


TABLE  3.  Average  daily  milk  production,  daily  feed  intake,  fat  and  solid-not-fat  percentages,  &  body  weight  changes. 


Treatment 

Control 
(no  buffer) 

1.2%  Na  HCO^ 

+  .8%  MgO 

30% 

Soybean  hulls 

Milk  (kg/day) 

25.9 

25.6 

27.1 

4%  FCM  (kg/day) 

22.4 

22.7 

23.1 

Cone,  intake  (kg/day) 

12.4a 

10.0b 

12.2a 

Fat  (%) 

3.2 

3.2 

3.1 

Solids-not-fat  (%) 

8.8 

8.5 

8.5 

Body  weight  change  (kg) 
wk  0  -  wk  6 

-8.5 

-10.1 

-8.5 

wk  0  -  wk  12 

+9.0 

+2.6 

-3.4 

wk  0  -  wk  1 8 

+  15.0 

+  5.2 

+6.3 

a,b  means  are  different  at  P<01 


Milk  Fat  (%)  Fat  Corrected  Milk  (Kg.)  Milk  Production  (Kg.) 


Week  Postpartum 

Figure  1.  Average  daily  milk  production  by  week. 


Week  Postpartum 


Figure  2.  Average  daily  fat-corrected  milk  by  week. 


Weeks  Postpartum 


Figure  3.  Average  milk  fat  content  (%)  by  week. 


Milk  Fat  (%) 


1.2%  Na  HCO 
.8%  Mg  O 
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TABLE  4.  Average  fecal  pH  values  and  percent  of  fecal  starch. 


Treatment 

Control 

1.2%  Na  HC03 

30% 

(no  buffer) 

.8%  MgO 

Soybean  hulls 

pH 

5.7  a 

6.2  b 

6.0  b 

Starch  (%) 

6.8  c 

6.0 

5.7  d 

a,b  means  are  different  at  P<.01 
c,d  means  are  different  at  PC. 05 
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ABSTRACT 

Since  1974,  a  total  of  508  plant  species  representing  80  families  have  been 
analyzed  by  our  laboratory  for  hydrocarbon,  oil,  polyphenol,  and  protein  contents. 
Of  these  species,  372  were  from  Illinois,  26  from  Wisconsin,  24  from  Georgia,  20 
from  Arizona,  10  or  less  from  12  other  states,  and  36  from  foreign  lands.  Families 
receiving  the  greatest  emphasis  were  Leguminosae,  Compositae,  Gramineae,  Labiatae, 
and  Euphorbiaceae  representing  97,  84,  42,  32,  and  23  species,  respectively. 

INTRODUCTION 

Beginning  in  1974,  our  search  for  potential  multi-purpose  crops  for  energy, 
food,  feed,  fiber,  and  strategic  materials  has  concentrated  on  under-utilized  plant 
species  collected  from  the  wild. 

Petroleum  shortages  and  the  ensuing  spiraling  prices  of  crude  oil  and  petroleum- 
based  materials  have  resulted  in  programs  to  study  many  alternative  forms  of 
energy  (Ableson  1979).  Renewable  plant  biomass  is  one  of  the  principal  resources 
with  the  potential  to  meet  some  of  our  energy,  strategic  material,  and  chemical 
needs.  Our  research  has  focused  on  evaluation  of  508  whole  plants  as  a  source  of 
hydrocarbon  for  chemical  feedstocks.  We  have  compiled  this  checklist  primarily  as 
an  aid  to  scientists  wanting  to  know  which  species  have  been  analyzed  at  the 
Northern  Regional  Research  Center.  Numerical  crop  ratings  assigned  to  these 
plants  are  an  indicator  of  their  chemical/botanical  nature. 


Chemist;  Botanist;  Chemist  (retired);  Chemist,  Northern  Agricultural  Energy  Center. 
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Whole  Plants  as  Renewable  Energy  Resources 


MATERIALS  AND  METHODS 

Our  research  has  been  conducted  on  mature  whole  plants  from  various  regions 
of  the  United  States,  with  372  species  collected  in  Central  Illinois.  Plant  samples 
were  collected  mainly  from  natural  stands  and  air  dried,  ground  to  pass  a  1-mm 
perforated  screen,  and  partitioned  into  major  fractions  by  solvent  extraction  (Ruchanan 
et  al  1978,  1979;  Roth  et  al  1980,  1981).  A  preliminary  evaluation  procedure  for 
plant  species  was  based  on  botanical  characteristics,  chemical  composition,  and 
fiber  structure. 

Decision  factors  were  identified  and  criteria  were  established.  Subsequently,  a 
numerical  rating  system  was  developed  which  employs  the  factors  and  criteria. 
Each  factor  was  assigned  a  score  based  on  an  arbitrary  criterion  range.  The  most 
desirable  trait  under  consideration  receives  the  lowest  score.  The  sum  of  the  scores 
provides  the  crop  rating. 

Rotanical  characteristics  were  classified  into  5  groups  according  to  their  proba¬ 
ble  influence  on  crops  for  mechanized  agriculture  in  the  temperate  United  States 
and  to  their  estimated  yield  of  biomass.  Using  a  scale  of  1  to  5,  we  assigned  (1)  to 
vigorous  soil-growing,  perennial,  temperate  species  which  grow  1.5  m/yr  with  a 
moderate  amount  of  moisture  (mesic),  are  harvestable  by  clipping,  and  having 
coppicing  potential.  Other  perennial  and  all  annual  temperate,  mesic  species  are 
scored  2  or  3  according  to  growth  rate.  Annual  species  exceeding  1.5  m/yr  and 
perennials  reaching  0.5-1. 5  m/yr  score  2.  Scores  of  3  are  assigned  to  species  that 
produce  hydrocarbon-rich  fruit,  roots,  rhizomes,  or  bulbs,  or  that  are  lactiferous 
and  could  produce  hydrocarbon  by  tapping.  Furthermore,  the  annuals  should  grow 
0.5-1. 5  m/yr  and  the  perennial  less  than  0.5  m/yr.  A  score  of  4  applies  to  all  species 
of  marsh  plants,  vines,  rosette  plants,  low-growing  succulents  and  sod-forming 
grasses.  A  score  of  5  applies  to  species  that  are  aquatic,  or  tropical  or  are  epiphytes 
or  parasites. 

Other  decision  factors  are  scored  according  to  fiber  characteristics  and  chemi¬ 
cal  contents.  Fibrous  or  weedy  species  judged  qualitatively  to  have  potential  for 
fiber,  paper  pulp,  or  hardboard  are  scored  1,  while  a  score  of  2  indicates  succulent, 
pulpy,  non-fibrous  species.  Apparent  protein  contents  (Kjeldahl  N  x  6.25)  exceeding 
14  percent  score  1,  and  all  others  score  2.  Oil  and  hydrocarbon  contents  are 
determined  by  step  wise  acetone  extraction  followed  by  cyclohexane  or  hexane. 
Subsequently,  the  acetone  soluble  fraction  is  partitioned  between  hexane/aqueous 
ethanol.  The  first  hexane  fraction  is  referred  to  as  hydrocarbon  and  the  second  as 
oil.  These  values  are  used  to  assign  scores  ranging  from  1  to  4.  Hydrocarbon  values 
exceeding  2  percent  score  1,  1. 2-2.0  percent  score  2,  0.4-1. 2  score  3,  and  lower 
than  0.4  percent  score  4.  Similarly,  oil  values  exceeding  8  percent  score  1,  5-8 
percent  score  2,  2-5  percent  score  3,  and  less  than  2  percent  score  4. 

DISCUSSION 

Numerical  plant  ratings  are  indicative  of  the  plant  s  potential  as  hydrocarbon 
crops.  Species  scoring  11  or  less  are  considerated  either  potential  hydrocarbon  or 
oil-producing  crops  and  receive  further  attention  in  the  laboratory  and  from  plant 
scientists  (Ruchanan  et  al  1978,  1979;  Roth  et  al  1980,  1981).  For  example, 
hydrocarbon  and  oil  fractions  occurring  in  sufficient  quantities  were  examined  by 
thin-layer  and  gel  permeation  chromatography,  infrared  spectroscopy,  and  13C 
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nuclear  magnetic  resonance  spectroscopy  (Buchanan  et  al  1979;  Bagby  et  al  1981; 
Swanson  et  al  1979). 

In  the  following  checklist  each  plant  is  listed  by  family,  genus,  species, 
collection  site  (state),  numerical  rating,  and  common  name.  Analytical  data  for  the 
more  promising  species  (rating  of  11  or  lower)  have  been  reported  by  Buchanan  et 
al  1978,  1979;  and  Roth  et  al  1980,  1981.  Chemical  and  botanical  data  for  all  species 
listed  in  this  checklist  are  available  from  NRRC.  Voucher  specimens  were  prepared 
only  from  the  Illinois  and  Wisconsin  plants  and  deposited  in  our  herbarium. 
Samples  submitted  by  U.  S.  collaborators  were  generally  received  as  air-dried  plant 
material.  A  list  of  these  species  was  submitted  to  the  US  DA  Plant  Taxonomy 
Laboratory  to  have  names  confirmed  and  authorities  supplied. 

CHECKLIST  OF  WHOLE  PLANT 

(508  Species) 


Location1 

Rating2 

Common  Name 

Aceraceae 

Acer  negundo  L. 

IL 

11 

BOX  ELDER 

A .  platanoides  L. 

IL 

11 

NORWAY  MAPLE 

A.  saccharinum  L. 

IL 

10 

SILVER  MAPLE 

A.  saccharum  Marsh. 

IL 

12 

SUGAR  MAPLE 

Amaranthaceae 

Amaranthus  retroflexus  L. 

IL 

14 

PIGWEED 

Celosia  argentea  L. 

IL 

13 

GARDEN-ESCAPE  CELOSIA 

Froelichia  floridana  (Nutt.)  Moq. 

IL 

13 

COTTONWEED 

F.  gracilis  (Hook.)  Moq. 

IL 

13 

COTTON  WE  ED 

Anacardiaceae 

Rhus  aromatica  Ait. 

IL 

11 

FRAGRANT  SUMAC 

R.  aromatica  Ait.,  var. 

IL,  GA 

11 

arenaria  (Greene)  Fern. 

R.  copallina  L. 

GA 

11 

SHINING  SUMAC 

R .  glabra  L. 

IL,  GA 

10,  10 

SMOOTH  SUMAC 

R.  laurina  Nutt. 

CA 

8 

LAUREL 

R.  ovata  S.  Wats. 

AZ 

11 

SUGAR  SUMAC 

Annonaceae 

Asimina  triloba  (L.)  Dunal 

IL 

11 

COMMON  PAWPAW 

Apocynaceae 

Apocynum  androsaemifolium  L. 

IL 

10 

SPREADING  DOGBANE 

A.  cannabinum  L. 

IL 

11 

INDIAN  HEMP 

Trachelospermum  jasminoides 

(Lindl.)  Lem. 

TX 

11 

CONFEDERATE  JASMINE 

Vinca  minor  L. 

IL 

14 

COMMON  PERIWINKLE 

Araceae 

Symplocarpus  foetidus  (L.)  Nutt. 

IL 

12 

SKUNK  CABBAGE 

Asclepiadaceae 

Asclepias  amplexicaulis  Sm. 

IL 

8 

BLUNTLEAF  MILKWEED 

A .  hirtella  (Pennell)  Woodson 

IL 

10 

GREEN  MILKWEED 

A.  incarnata  L. 

IL 

10 

SWAMP  MILKWEED 

A.  latifolia  (Torr.)  Raf. 

TX 

9 

A.  sullivantii  Engelm. 

IL 

7 

SULLIVANT’S  MILKWEED 

A.  syriaca  L. 

IL 

9 

COMMON  MILKWEED 

A .  tuberosa  L. 

IL 

9 

BUTTERFLY  WEED 

A .  verticillata  L. 

IL 

9 

WHORLED  MILKWEED 

Cynanchum  nigrum  (L.)  Per. 

IL 

11 

C .  unifarium  (Scheele) 
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Woods 

TX 

12 

MILKVINE 

Gonolobus  gonocarpos  (Walt.) 

Perry 

IL 

12 

CLIMBING  MILKWEED 

Sarcostemma  cynanchoides  Decne. 

TX 

14 

CLIMBING  MILKWEED 

Balsam  inaceae 

hnpatiens  capensis  Meerb. 

IL 

16 

JEWEL  WEED  OR 

SPOTTED  TOUCH-ME-NOT 

I.  pallida  Nutt. 

IL 

15 

YELLOW  JEWEL  WEED 

Berberidaceae 

Podophyllum  peltatum  L. 

IL 

13 

MAY  APPLE 

Bignoniaceae 

Campsis  radicans  (L.)  Seem. 

IL 

14 

TRUMPET  CREEPER 

Catalpa  speciosa  Warder 

IL 

11 

CIGAR-TREE 

Boraginaceae 

Cynoglosswn  officinale  L. 

IL 

12 

COMMON  HOUND’S  TONGUE 

Buxaceae 

Simmondsia  californica  (Link)  Nutt. 

CA 

11 

JOJOBA 

Cactaceae 

Opuntia  humifusa  Raf. 

IL 

16 

PRICKLY  PEAR  CACTUS 

O.  engelmannii  Salm-Dyck 

TX 

15 

PRICKLY  PEAR 

Campanulaceae 

Campanula  americana  L. 

IL 

10 

TALL  BELLFLOWER 

C.  pyramidalis  L. 

IL 

10 

CHIMNEY  BELLFLOWER 

Lobelia  siphilitica  L. 

IL 

13 

GREAT  BLUE  LOBELIA 

Cannabinaceae 

Humulus  japonicus  Sieb.  &  Zucc. 

IL 

12 

HOPS 

Capparidaceae 

Polanisia  graveolens  Raf. 

IL 

14 

CLAMMYWEED 

Caprifoliaceae 

Lonicera  tatarica  L. 

IL 

9 

TATARIAN  HONEYSUCKLE 

Sambucus  canadensis  L. 

IL,  MT 

10,  8 

COMMON  ELDER 

Symphoricarpos  orbiculatus 

Moench 

IL 

10 

CORALBERRY 

Triosteum  angustifolium  L. 

IL,  GA 

12,  12 

WILD  COFFEE 

T.  perfoliatum  L. 

IL 

10 

TINKER’S  WEED 

Caryophyllaceae 

Saponaria  officinalis  L. 

IL 

12 

BOUNCING  BET 

Chenopodiaceae 

Atriplex  canescens  (Pursh)  Nutt. 

AZ 

13 

SALT  BUSH 

Chenopodium  album  L. 

IL 

11 

LAMB’S  QUARTER 

Kochia  scoparia  (L.)  Roth 

IL 

13 

SUMMER  CYPRESS 

Salsola  kali  L.  var.  tenuifolia 

Tausch 

AZ 

12 

RUSSIAN  THISTLE 

Sarcobatus  vermiculatus  (Hook.)  Torn 

AZ 

12 

BLACK  GREASEWOOD 

Commelinaceae 

Commelina  erecta  L. 

IL 

14 

DAY  FLOWER 

Tradescantia  ohiensis  Raf. 

IL,  WI 

11,  12 

SPIDERWORT 

Compositae 

Achillea  millefolium  L. 

IL 

11 

YARROW 

Actinomeris  alternifolia  (L.)  DC. 

IL 

11 

WINGSTEM 

Ambrosia  artemisiifolia  L.  var. 

AZ 

12 

COMMON  RAGWEED 

elatior  (L.)  Descourtils 

A.  psilostachya  DC.  var. 

IL 

13 

WESTERN  RAGWEED 

coronopifolia  (T.  &  G.)  Farw. 

A .  trifida  L. 

IL 

10 

GIANT  RAGWEED 

Arctium  lappa  L. 

IL 

10 

BURDOCK 

Artemisia  abrotanum  L. 

IL 

12 

SOUTHERNWOOD 
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A.  vulgaris  L. 

IL,  CA 

Aster  ericoides  L. 

IL 

A.  laevis  L. 

IL 

A.  novae-angliae  L. 

IL 

A.  pilosus  Willd. 

IL 

A .  puniceus  L. 

IL 

A .  shortii  Lindl. 

IL 

Bidens  cernua  L. 

IL 

B.  laevis  (L.)  BSP 

IL 

Boltonia  latisquama  Gray,  var. 

decurrens 

IL 

(T.  &  G.)  Fern.  &  Grisc. 

Cacalia  atriplicifolia  L. 

IL 

Carduus  nutans  L. 

WI 

Centaurea  maculosa  Lam. 

WI 

C.  vochinensis  Bernh. 

WI 

Chrysopsis  bakeri  Greene 

IL 

Chrysothamnus  nauseosus  (Pall.) 

Britt. 

AZ 

Cichorium  intybus  L. 

IL 

Cirsium  altissimum  (L.)  Spreng. 

IL 

C.  arvense  (L.)  Scop. 

IL 

C.  discolor  (Muhl.)  Spreng. 

IL 

C.  muticum  Michx. 

IL 

C.  vulgare  (Savi)  Tenore 

IL 

Coreopsis  palmata  Nutt. 

IL 

C.  tripteris  L. 

IL 

Dyssodia  papposa  (Vent.)  Hitchc. 

IL 

Echinacea  purpurea  L. 

IL 

Ericameria  laricifolia  (Gray) 
Shinners 

Erigeron  canadensis  L. 

Eupatorium  altissimum  L. 

E .  maculatum  L. 

E .  perfoliatum  L. 

E.  purpureum  L. 

E.  rugosum  Houtt. 

E.  serotinum  Michx. 

Gnaphalium  obtusifolium  L. 
Grindelia  squarrosa  (Pursh)  Dunal 
Helenium  autumnale  L. 

Helianthus  annuus  L. 

H.  divaricatus  L. 

H.  giganteus  L. 

H.  grosseserratus  Martens 

H.  hirsutus  Raf.  var. 


trachyphyllus  T.  &  G.  IL 

H.  occidentals  L.  IL 

H.  tuberosus  L.  IL,  WA 

Heliopsis  helianthoides  (L.)  Sweet  IL 
Lactuca  canadensis  L.  IL,  GA 

L.  floridana  (L.)  Gaertn.  IL 

L.  floridana  (L.)  Gaertn.,  var.  IL 

villosa  (Jacq.)  Cronq. 

L.  scariola  L.  IL 

Parthenium  argentatum  Gray  8 

P.  hysterophorus  L.  FL 

P  integrifolium  L.  IL,  WI 

Polymnia  canadensis  L.  IL 

Rudbeckia  laciniata  L.  IL 

R.  subtomentosa  Pursh  IL 

Senecio  glabellas  Poir.  IL 

Silphiurn  integrifolium  Michx.  IL 

S.  laciniatum  L.  IL 


12,  10  COMMON  MUGWORT 

13  HEATH  ASTER 

11  SMOOTH  ASTER 

12  NEW  ENGLAND  ASTER 

13 

15  SWAMP  ASTER 

12  SHORT’S  ASTER 

14  NODDING  REGGARTICKS 

14  SMOOTH  REGGARTICKS 

15 

8  PALE  INDIAN  PLANTAIN 

9  MUSK  THISTLE 

13  SPOTTED  KNAPWEED 

13  KNAPWEED 

13  GOLDEN  ASTER 

8  RABBIT  BRUSH 

12  CHICORY 

10  TALL  THISTLE 

11  CANADA  THISTLE 

10  FIELD  THISTLE 

14  SWAMP  THISTLE 

12  BULL  THISTLE 

12  TICKSEED 

12  TALL  COREOPSIS 

12  FETID  MARIGOLD 

12  PURPLE  CONEFLOWER 

15 

13  CANADA  FLEABANE 

10  TALL  BONESET 

13  SWAMP  JOE-PYE  WEED 

9  BONESET 
12 

12  WHITE  SNAKEROOT 

12  LATE  BONESET 

12  PEARLY  EVERLASTING 

12,  11  GUMWEED  OR  TARWEED 

11  SNEEZEWEED 

12  COMMON  SUNFLOWER 

11  WOODLAND  SUNFLOWER 

11  GIANT  SUNFLOWER 

10  SAWTOOTH  SUNFLOWER 

12  HAIRY  SUNFLOWER 

11  WESTERN  SUNFLOWER 

12,  12  JERUSALEM  ARTICHOKE 

12  OXEYE 

11,  11  WILD  LETTUCE 

12  BLUE  LETTUCE 

12  BLUE  LETTUCE  VARIETY’ 

13  PRICKLY  LETTUCE 

8  GUAYULE 

14  WHITETOP 

13,  11  WILD-QUININE 

12  LEAFCUP 

12  YELLOW  CONEFLOWER 

10  SWEET  CONEFLOWER 

11  BUTTER  WEED 

10  ROSIN  WEED 

10  COMPASS  PLANT 


AZ 

IL 

IL 

IL 

IL 

IL 

IL 

IL 

IL 

WI,  NV 

IL 

IL 

IL 

IL 

IL 
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S .  perfoliatum  L. 

IL 

11 

CUP  PLANT 

S.  terebinthinaceum  Jacq. 

IL 

10 

PRAIRIE  DOCK 

Solidago  altissima  L. 

IL 

11 

TALL  GOLDENROD 

S.  graminifolia  (L.)  Salisb. 

IL 

10 

GRASS  LEAVED  GOLDENROD 

S.  leavenworthii  Torr. 

&  A.  Gray 

FL 

8 

EDISON’S  GOLDENROD 

S.  nemoralis  Ait. 

IL 

12 

DYER’S  WEED  GOLDENROD 

S.  ohioensis  Riddell 

WI 

10 

OHIO  GOLDENROD 

S .  rigida  L. 

IL 

10 

STIFF  GOLDENROD 

S.  speciosa  Nutt. 

IL 

11 

SHOWY  GOLDENROD 

S.  ulmifolia  Muhl. 

IL 

11 

ELM  LEAVED  GOLDENROD 

Sonchus  arvensis  L. 

IL 

10 

FIELD  SOW  THISTLE 

S.  oleraceus  L. 

IL 

11 

COMMON  SOW  THISTLE 

Tagetes  minuta  L. 

IL 

14 

MUSTER  JOHN  HENRY 

T.  patula  L. 

IL 

13 

FLORIST’S  MARIGOLD 

Tragopogon  pratensis  L. 

IL 

12 

GOAT’S  BEARD 

Vernonia  altissima  Nutt. 

IL 

10 

IRONWEED 

V.  fasciculata  Michx. 

IN 

10 

IRONWEED 

Xanthium  italicum  Moretti 

IL 

13 

COCKLEBUR 

Zinnia  elegans  Jacq. 

IL 

14 

CALIFORNIA  GIANT  ZINNIA 

Convolvulaceae 

Convolvulus  arvensis  L. 

IL 

14 

FIELD  BINDWEED 

C .  japonicus  Thunb. 

IL 

14 

CREEPING  JENNY 

Ipomoea  pandurata  (L.) 

G.F  W.  Mey. 

IL 

14 

WILD  POTATO  VINE 

Cornaceae 

Cornus  stolonifera  Michx. 

IL 

14 

RED  OSIER  DOGWOOD 

Corylaceae 

Corylus  americana  Walt. 

IL 

12 

HAZEL 

Crassulaceae 

Sedum  seiboldii  Sweet 

IL 

14 

Sedum  sp. 

IL 

15 

Cruciferae 

Barbarea  vulgaris  R.  Br. 

IL 

12 

SPRING  CRESS 

Brassica  nigra  (L.)  Koch 

IL 

12 

BLACK  MUSTARD 

B.  oleracea  L.  var. 

botrytis  DC. 

IL 

14 

PURPLE  CAULIFLOWER 

Crambe  abyssinica  Hochst. 

ex  R.  E.  Fries 

IL 

13 

CRAMBE 

Lepidium  campestre  (L.)  R.  Br. 

IL 

13 

COW  CRESS 

Nasturtium  officinale  R.  Br. 

IL 

16 

WATERCRESS 

Curcurbitaceae 

Cucurbita  ovifera  (L.)  Alef. 

IL 

14 

GARDEN  ESCAPE  GOURD 

Sicyos  angulatus  L. 

IL 

15 

BUR  CUCUMBER 

Cupressaceae 

Cupressus  arizonica  Greene 

AZ 

12 

ARIZONA  CYPRESS 

Juniperus  osteosperma  (Torr.)  Little 

UT 

12 

UTAH  JUNIPER 

J.  virginiana  L. 

IL 

11 

RED  CEDAR 

Cyperaceae 

Cyperus  sp. 

IL 

15 

SEDGE 

C.  esculentus  L. 

IL 

14 

YELLOW  NUTSEDGE 

Scirpus  validus  Vahl. 

IL 

BULRUSH 

Dipsacaceae 

Dipsacus  laciniatus  L. 

IL 

12 

CUT-LEAF  TEASEL 

D.  sylvestris  Huds. 

IL 

12 

BLUE  TEASEL 

Elaeagnaceae 

Elaeagnus  iriultiflora  Thunb. 

IL 

10 

CHERRY  ELAEAGNUS 

Ericaceae 

Arctostaphylos  pringlei  Parry 

AZ 

12 
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A.  pungens,  HBK. 

AZ 

12 

Xylococcus  bicolor  Nutt. 

CA 

10 

Euphorbiaceae 

Acalypha  virginica  L. 

IL 

13 

THREE-SEEDED  MERCURY 

Aleurites  moluccana  (L).  Willd. 

FL 

10 

CANDLE  NUT  TREE 

A .  trisperma  Blanco 

FL 

10 

SOFT  LUMBANG 

Clutia  affinis  Sond. 

3 

12 

Croton  glandulosus  L.,  var. 

septentrionalis 

IL 

12 

CROTON 

Muell.  Arg. 

Euphorbia  antisyphilitica  Zucc. 

8 

10 

CANDELILLA  WAX 

E .  corollata  L. 

IL 

11 

FLOWERING  SPURGE 

E.  cyparissias  L. 

IL 

12 

CYPRESS  SPURGE 

E.  dentata  Michx. 

IL 

10 

TOOTHED  SPURGE 

E.  depauparata  A.  Rich. 

4 

12 

E.  esula  L. 

WI 

11 

LEAFY  SPURGE 

E .  fulva  Stapf 

FL 

8 

E.  geniculata  Ort. 

FL 

11 

E.  glyptosperma  Engelm. 

TX 

13 

GOLONDRINA 

E .  heterophylla  L. 

IL 

11 

PAINTED  LEAF 

E .  lathyris  L. 

CA 

9 

MOLE  PLANT  OR  GOPHERWEED 

E .  maculata  L. 

IL 

13 

SPOTTED  SPURGE 

E.  marginata  Pursh 

IL 

12 

SNOW-ON-THE-MOUNTAIN 

E.  pulcherriina  Willd. 

TX 

10 

POINSETTIA 

E.  supina  Raf. 

IL 

13 

PROSTRATE  SPURGE 

Pedilanthus  sp. 

TX 

11 

SLIPPER 

Ricinus  communis  L. 

NC 

12 

CASTOR  BEAN 

Sapium  caudatum  Pittier 

7 

10 

Fagaceae 

Quercus  imbricaria  Michx. 

IL 

10 

SHINGLE  OAK 

Q.  macrocarpa  Michx. 

IL 

11 

BUR  OAK 

Q.  marilandica  Muenchh. 

IL 

12 

BLACK  JACK  OAK 

Q.  muehlenbergii  Engelm. 

IL 

12 

CHESTNUT  OAK 

Q.  palustris  Muenchh. 

IL 

12 

PIN  OAK 

Q.  turbinella  Greene 

AZ 

12 

SHRUB  LIVE  OAK 

Garryaceae 

Garry  a  wrightii  Torr. 

AZ 

10 

WRIGHT  SILKTASSEL 

Gramineae 

Agropyron  repens  (L.)  Beauv. 

IL 

10 

QUACK  GRASS 

Andropogon  gerardi  Vitman 

GA 

12 

BIG  BLUESTEM 

A.  scoparius  Michx. 

IL,  GA 

11,  12 

LITTLE  BLUESTEM  GRASS 

Aristida  oligantha  Michx. 

IL 

THREE  AWNED  GRASS 

Arundo  donax  L. 

IL 

12 

GIANT  REED 

Avena  sativa  L. 

WI 

14 

OATS 

Bromus  inermis  Leyss. 

IL 

14 

SMOOTH  BROME 

B.  secalinus  L. 

IL 

15 

CHESS 

Cenchrus  longispinus  (Hack.)  Fern. 

IL 

15 

SANDBUR 

Dactylis  glomerata  L. 

IL 

16 

ORCHARD  GRASS 

Echinochloa  crusgalli  (L.)  Beauv. 

IL 

13 

BARNYARD  GRASS 

E.  walteri  (Pursh)  Nash 

IL 

15 

WALTER’S  BARNYARD  GRASS 

Eleusine  indica  (L.)  Gaertn. 

IL 

13 

GOOSE  GRASS 

Elymus  canadensis  L. 

IL 

11 

WILD  RYE 

Erianthus  trinii  (Hack.)  Hack. 

GA 

13 

Festuca  arundinacea  Schreb. 

MO 

11 

FESCUE  (KY-31) 

F.  arundinacea  Schreb. 

MO 

11 

FESCUE  (KENHY) 

Hordeum  jubatum  L. 

IL 

15 

WILD  BARLEY 

H.  vulgare  L. 

WI 

12 

BARLEY 

Hystrix  patula  Moench 

IL 

15 

BOTTLEBRUSH  GRASS 

Leersia  oryzoides  (L.)  Sw. 

IL 

12 

CUT  GRASS 

L.  virginica  Willd. 

IL 

14 

WHITE  GRASS 

Leptoloma  cognatum  (Schultes) 

Chase 

IL 

FALL  WITCHGRASS 
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Miscanthus  sinensis  Anderss. 

GA 

12 

EULALIA 

Panicum  virgatum  L. 

IL 

13 

SWITCHGRASS 

Paspalum  exaltatum  Presl. 

GA 

12 

P.  quadrifarium  Lam. 

GA 

12 

Pennisetum  americanum  (L.)  K. 

Schum. 

GA 

13 

PEARL  MILLET 

Phalaris  arundinacea  L. 

IL 

12 

REED  CANARY  GRASS 

P  canariensis  L. 

IL 

12 

CANARY  GRASS 

Phragmites  communis  Trin. 

IL 

15 

REED  GRASS 

Setaria  faberii  Herrm. 

IL 

13 

GIANT  FOXTAIL 

S.  glauca  (L.)  Beauv. 

IL 

15 

YELLOW  FOXTAIL 

Sorghastrum  nutans  (L.)  Nash 

IL 

15 

INDIAN  GRASS 

Sorghum  almum  Pairodi 

GA 

12 

COLUMBUS  GRASS 

S.  bicolor  (L.)  Moench. 

GA 

13 

GRAIN  SORGHUM 

S.  halepense  (L.)  Pers. 

GA 

11 

JOHNSON  GRASS 

Spartina  pectinata  Link 

IL 

14 

CORD  GRASS 

Trioda  flava  (L.)  Smyth 

forma  cuprea  (Jacq.)  Fosberg 

IL 

13 

PURPLE  TOP  GRASS 

Tripsacum  dactyloides  L. 

IL 

12 

GAMA  GRASS 

Triticum  sp. 

IL 

14 

WHEAT  STRAW 

Zea  mays  L. 

IL,  GA 

12,  12 

MAIZE 

Guttiferae 

Hypericum  sphaerocarpum  Michx. 

IL 

12 

ST.  JOHN  S  WORT 

Hamamelidaceae 

Liquidambar  styraciflua  L. 

IL 

12 

SWEET  GUM 

H  ippocastanaceae 

Aesculus  hippocastanum  L. 

IL 

11 

HORSE  CHESTNUT 

Hydrophyllaceae 

Erydictyon  trichocalyx  A.  Heller 

var.  lanatum  Jepson 

CA 

10 

Hydrophyllum  virginianum  L. 

IL 

11 

VIRGINIA  WATERLEAF 

Juglandaceae 

Juglans  nigra  L. 

IL 

11 

BLACK  WALNUT 

Labiatae 

Agastache  nepetoides  (L.)  Ktze. 

IL 

11 

GIANT  HYSSOP 

A .  scrophulariaefolia 

(Willd.)  Ktze. 

IL 

11 

PURPLE  GIANT  HYSSOP 

Ajuga  genevensis  L. 

IL 

13 

BUGLEWEED 

Glechoma  hederacea  L. 

IL 

15 

GILL-OVER-THE-GROUND 

Hedeoma  hispida  Pursh 

IL 

15 

PENNYROYAL 

Lamium  galeobdolon  Cranz. 

IL 

11 

YELLOW  ARCHANGEL 

L.  maculatum  L. 

WI 

12 

HENBIT 

Leonurus  cardiaca  L. 

IL 

11 

MOTHERWORT 

Ly copus  americanus  Muhl. 

WI 

11 

WATER  HOARHOUND 

Marrubium  vulgare  L. 

IL 

13 

HOREHOUND 

Melissa  officinalis  L. 

IL 

11 

LEMON  BALM 

Mentha  alopecuroides  Hull 

IL 

12 

MINT 

M .  arvensis  L.  forma 

glabra  (Benth.)  S.R.  Stewart 

WI 

11 

M.  arvensis  L.  var. 

villosa  (Benth.)  S.R.  Stewart 

WI 

12 

M .  piperita  L. 

IL 

13 

PEPPERMINT 

Mentha  sp. 

WI 

12 

MINT 

Monarda  citriodora  Cerv.  ex.  Lag. 

IL 

14 

LEMON  BALM 

M.  didyma  L. 

IL 

12 

OSWEGO  TEA 

M .  fistulosa  L. 

IL,  WI 

11,  11 

WILD  BERGAMOT 

M.  punctata  L. 

IL 

11 

HORSE  MINT 

Nepeta  cataria  L. 

IL 

11 

CATNIP 

Ocimum  basilicum  L. 

IL 

11 

PURPLE  BASIL 

Physostegia  virginiana  (L.)  Benth. 

NC 

13 

OBEDIENT  PLANT 

Prunella  vulgaris  L. 

WI 

14 

SELFHEAL 
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Pycnanthemum  incanum  (L.) 


Michx. 

IL,  IN 

10,  10 

MOUNTAIN  MINT 

P  virginianum  (L.) 

Durand  &  Jackson 

Salvia  officinalis  L.  var. 

WI 

12 

tenuoir  Alef. 

IL 

13 

SAGE 

Scutellaria  lateriflora  L. 

IL 

13 

SKULLCAP 

Stachys  palustris  L. 

S.  palustris  L.  var. 

IL,  WI 

13,  13 

WOUNDWORT 

homotricha  Fern. 

IL 

13 

HEDGE  NETTLE 

Teucrium  canadense  L. 

IL 

10 

AMERICAN  GERMANDER 

T.  occidentale  Gray 

IL 

13 

GERMANDER 

Lauraceae 

Sassafras  albidum  (Nutt.)  Nees 

IL 

10 

SASSAFRAS 

Leguminosae 

Acacia  sp. 

AZ 

11 

A.  constricta  Benth. 

AZ 

11 

WHITE  THORN 

A.  greggi  A.  Gray 

AZ 

12 

CAT’S  CLAW 

Amorpha  canescens  Pursh 

IL 

10 

LEAD  PLANT 

A .  fruticosa  L. 

IL 

11 

FALSE  INDIGO 

Amphicarpa  bracteata  (L.)  Fern. 

IL,  WI 

15,  13 

HOG  PEANUT 

Apios  americana  Medic. 

IL 

14 

GROUNDNUT 

Arachis  hypogaea  L. 

IL 

14 

PEANUT 

Astragalus  americana  (Hook.)  Jones 
A.  absurgens  Pall. 

5 

11 

MILK  VETCH 

var.  striatus  Nutt. 

5 

11 

MILK  VETCH 

A.  canadensis  L. 

A.  miser  Doug,  ex  Hooker 

WI 

13 

MILK  VETCH 

var.  miser 

5 

14 

Baptisia  leucantha  T.  &.  G. 

IL 

12 

WHITE  INDIGO 

B.  leucophaea  Nutt. 

IL 

13 

CREAM  WILD  INDIGO 

B.  tinctoria  (L.)  R.  Br. 

OH 

10 

YELLOW  WILD  INDOGO 

Calliandra  eriophylla  Benth. 

AZ 

10 

FALSE  MESQUITE 

Cassia  didymobotrya  Fresen. 

4 

12 

C.  hebecarpa  Fern. 

IL 

12 

PARTRIDGE  PEA,  WILD  SENNA 

C.  kirkii  Oliv. 

4 

14 

Coronilla  varia  L. 

IL 

15 

CROWN  VETCH 

Crotolaria  incana  L. 

GA 

14 

SHACKSHACK 

C.  juncea  L. 

GA 

13 

SUNN  HEMP 

C.  lasiocarpa  Polh. 

4 

13 

C.  ochroleuca  G.  Don. 

GA 

13 

Cytisus  scoparius  (L.)  Link 
Desmanthus  illinoensis  (Michx.) 

5 

10 

SCOTCH  BROOM 

Mac  M. 

IL 

11 

PRAIRIE  MIMOSA 

besmodium  canadense  (L.)  DC. 

IL 

13 

TICKSEED 

D.  cuspidatum  (Muhl.)  Loud 

IL,  WI 

11,  10 

D.  glutinosum  (Muhl.)  Wood 

IL,  WI 

12,  13 

D .  illinoense  Gray 

D.  nicaraguense  Oerst. 

IL 

13 

TICK  PREFOIL 

ex  Benth. 

GA 

12 

D.  repandum  (Vahl)  DC. 

Droogmansia  pteropus  (Baker) 

4 

13 

De  Wild. 

4 

12 

Eriosema  montanum  Baker  F 
Flemingia  grahamiana  Wight 

4 

12 

&  Arn. 

4 

12 

Gleditsia  triacanthos  L. 

IL 

11 

HONEY  LOCUST 

Glycine  max  (L.)  Merr. 

IL 

13 

SOYBEAN 

Gymnocladus  dioica  (L.)  K.  Koch 
Humularia  drepanocephala  (Baker) 

IL 

9 

KY.  COFFEE  TREE 

Davign 

4 

13 

Indigofera  hilaris  Eckl.  &  Zeyh. 

4 

13 

7.  longibarbata  Engl. 

4 

12 
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Kotschya  aeschynomenoides  (Baker) 


De  Wit  &  Davign 

4 

12 

K.  africana  Endl. 

K.  africana  var.  bequaertii 

4 

12 

(Dewild.)  Verde. 

K.  recurvifolia  (Taub.)  E 

4 

12 

White 

4 

12 

Lathyrus  hygrophilus  Taub. 

4 

16 

L.  japonicus  Willd. 

5 

13 

MARITIME  PEA 

L.  latifolius  L. 

IL 

15 

PERENNIAL  PEA 

L.  ochroleucus  Hook. 

5 

14 

CREAM  PEA 

L.  palustris  L. 

L.  palustris  L.  var. 

WI 

14 

MARSH  PEA 

linearifolius  Ser. 

WI 

14 

MARSH  PEA 

L.  venosus  Muhl. 

WI 

14 

VEINY  PEA 

Lespedeza  capitata  Michx. 

IL 

12 

BUSH  CLOVER 

L.  striata  (Thunb.)  H.  &  A. 

IL 

10 

JAPANESE  CLOVER 

Lotononis  laxa  Eckl.  &  Zeyh. 

4 

13 

Lotus  corniculatis  L. 

IL 

12 

BIRD’S  FOOT  TREFOIL 

Lupinus  arboreus  Simms. 

5 

9 

TREE  LUPINE 

L.  nootkatensis  Donn. 

5 

10 

NOOTKA  LUPINE 

L.  princei  H.  Harms 

Macrotyloma  axillare  (E.  Meyer) 

4 

13 

Verde. 

4 

12 

Medicago  falcata  L. 

IL 

12 

SICKLE  ALFALFA 

M.  lupulina  L. 

5,  IL 

13,  10 

BLACK  MEDIC 

M .  sativa  L. 

IL 

12 

ALFALFA 

Melilotus  alba  Desr. 

IL 

11 

WHITE  SWEET  CLOVER 

M.  officinalis  (L.)  Lam 

IL 

12 

YELLOW  SWEET  CLOVER 

Oxytropis  spletidens  Dougl. 

5 

12 

CRAZY  WEED 

Parkinsonia  aculeata  L. 
Petalostemum  candidum  (Willd.) 

AZ 

10 

JERUSALEM  THORN 

Michx. 

P  purpureum  (Vent.) 

IL 

12 

WHITE  PRAIRIE  CLOVER 

Rydb. 

IL 

13 

PURPLE  PRAIRIE  CLOVER 

Phaseolus  coccineus  L. 

IL 

14 

SCARLET  RUNNER 

P.  vulgaris  L. 

IL 

12 

PURPLE  BEAN 

P  vulgaris  L. 

Phyllocarpus  sepentrionalis  J  D . 

IL 

13 

GREEN  BEAN 

Sm. 

FL 

11 

Pisum  sativum  L. 

IL 

17 

GARDEN  PEA 

P  sativum  L. 

IL 

15 

AMERICAN  WONDER  PEA 

Prosopis  juliflora  DC. 

AZ 

11 

MESQUITE 

P  velutina  Wooton 

AZ 

12 

VELVET  MESQUITE 

Psoralea  onobrychis  Nutt. 

IL 

11 

P  tenuiflora  Pursh 

IL 

13 

SCURF  PEA 

Pueraria  lobata  (Willd.)  Olive 

IL 

14 

KUDZU  VINE 

Robinia  hispida  L. 

IL 

18 

BRISTLY  LOCUST 

R.  pseudo-acacia  L. 

IL 

11 

BLACK  LOCUST 

Samanea  saman  (Jacq.)  Merr 

IL 

10 

RAIN  TREE 

Sesbania  arabica  Hochst.  ex  Steud. 

GA 

12 

S .  cannabina  Poir. 

GA 

12 

Strophostyles  helveola  (L.)  Ell. 

IL 

14 

WILD  BEAN 

Tephrosia  virginiana  (L.)  Pers. 

IL 

10 

GOAT’S  RUE 

Trifolium  hybridum  L. 

IL 

13 

ALSIKE  CLOVER 

T.  pratense  L. 

IL 

12 

RED  CLOVER 

T.  procumbens  L. 

IL 

14 

LOW  HOP  CLOVER 

T.  repens  L. 

IL 

15 

WHITE  CLOVER 

Vicia  americana  Muhl. 

5 

15 

VETCH 

V.  gigantea  Hook. 

5 

15 

GIANT  VETCH 

V.  hirsuta  (L.)  S.E  Gray 

5 

15 

TINY  VETCH 

V.  villosa  Roth 

IL 

12 

HAIRY  VETCH 

Wisteria  sinensis  Sweet 

IL 

16 

CHINESE  WISTERIA 
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Liliaceae 


Asparagus  officinalis  L. 

IL 

11 

GARDEN  ASPARAGUS 

Hemerocallis  ftilva  L. 

IL 

15 

DAY  LILLY 

Polygonatum  biflorum  (Walt.)  Ell. 

IL 

12 

SOLOMON’S  SEAL 

Smilacina  racemosa  (L.)  Desf. 

IL 

13 

FALSE  SOLOMON’S  SEAL 

Stnilax  glauca  Walt. 

IL 

13 

SAW  BRIAR 

S .  herbacea  L. 

IL 

13 

CARRION  FRUIT 

S.  rotundifolia  L. 

IL 

15 

GREENBRIAR 

S.  tamnoides  L.  var.  hispida 

(Muhl.)  Fern. 

IL 

15 

CAT  BRIAR 

Uvularia  perfoliata  L. 

IL 

12 

BELLWORT 

Lythraceae 

Ammannia  coccinea  Rottb. 

IL 

17 

Cuphea  viscosissima  Jacq. 

IL 

13 

CLAMMY  CUPHEA 

Lysimachia  nummularia  L. 

IL 

15 

MONEYWORT 

Lythrum  alatum  Pursh 

IL 

14 

WINGED  LOOSESTRIFE 

L.  salicaria  L. 

WI 

13 

SPIKED  LOOSESTRIFE 

Malvaceae 

Abelmoschus  esculentus  (L. )  Moeneh 

6,  GA 

12, 

12 

OKRA 

Abutilon  theophrasti  Medic. 

IL 

11 

VELVETLEAF 

Althea  rosea  Cav. 

IL 

12 

HOLLYHOCK 

Hibiscus  cannabinus  L. 

IL,  IN, 

LA  13, 

13,  13 

KENAF 

H.  cisplatinus  St.-Hil. 

GA 

12 

OKRA 

H.  militaris  Cav. 

IL 

12 

HALBERD-LEAVED  MALL 

H.  trionium  L. 

IL 

13 

FLOWER-OF-AN-HOUR 

Napaea  dioica  L. 

IL 

15 

GLADE  MALLOW 

Sida  spinosa  L. 

IL 

12 

PRICKLY  MALLOW 

Menispermaceae 

Menispermum  canadense  L. 

IL 

13 

MOONSEED 

Moraceae 

Ficus  elastica  Roxb. 

TX 

14 

RUBBER  PLANT 

F.  obtusifolia  HRK. 

7 

14 

F.  yoponensis  Desv. 

7 

13 

Maclura  pomifera  (Raf.)  Sehneid. 

IL 

11 

OSAGE  ORANGE 

Morus  alba  L. 

IL 

11 

WHITE  MULBERRY 

Nyctaginaceae 

Mirabilis  jalapa  L. 

NC 

13 

FOUR-O’CLOCK 

M.  nyctaginea  (Michx.) 

Mac  M. 

IL 

13 

WILD  FOUR-O’CLOCK 

Oleaceae 

Fraxinus  nigra  Marsh. 

IL 

12 

BLACK  ASH 

F.  americana  L. 

IL 

12 

WHITE  ASH 

F.  pennsylvanica  Marsh. 

IL 

12 

GREEN  ASH 

Syringa  vulgaris  L. 

IL 

12 

COMMON  LILAC 

Onagraceae 

Epilobium  coloratum  Biehler 

IL 

13 

PURPLE  LEAF  WILLOWE 

Gaura  biennis  L. 

IL 

11 

GAURA 

Oenothera  biennis  L. 

IL 

12 

EVENING  PRIMROSE 

O.  rhombipetala  Nutt. 

IL 

13 

EVENING  PRIMROSE 

Oxalidaceae 

Oxalis  stricta  L. 

IL 

13 

YELLOW  WOOD  SORREL 

Paeoniaceae 

Paeonia  lactiflora  Pall. 

IL 

11 

GARDEN-ESCAPE  PEONY 

Papaveraceae 

Chelidonium  majus  L. 

IL 

11 

CELANDINE  POPPY 

Phytolaccaceae 

Phytolacca  americana  L. 

IL 

10 

POKEWEED 
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Plantanaceae 


Plantanus  occidental is  L. 

IL 

12 

SYCAMORE 

Pinaceae 

Larix  decidua  Mill. 

IL 

11 

EUROPEAN  LARCH 

Picea  abies  (L.)  Karst. 

IL 

11 

NORWAY  SPRUCE 

Pinus  banksiana  Lamb. 

IL 

11 

JACK  PINE 

P  edulis  Engelm. 

AZ 

11 

PINYON  PINE 

P  sylvestris  L. 

IL 

11 

SCOTCH  PINE 

Polygonaceae 

Polygonum  cuspidatum  Sieb. 

&  Zucc. 

IL 

13 

JAPANESE  KNOTWEED 

P.  orientale  L. 

P  pensylvanicum  L. 

IL 

IL 

13 

PINKWEED 

P.  scandens  L. 

IL 

14 

CLIMBING  FALSE  BUCKWHEAT 

Rumex  crispus  L. 

IL 

13 

YELLOW  DOCK 

Portulacaceae 

Portulaca  oleracea  L. 

IL 

15 

PURSLANE 

Primulaceae 

Lysimachia  ciliata  L. 

IL 

13 

FRINGED  LOOSESTRIFE 

Ranunculaceae 

Anemone  canadensis  L. 

IL 

12 

CANADA  ANEMONE 

A.  cylindrica  Gray 

IL 

12 

THIMBLEWEED 

Thalictrum  dasycarpum  Fisch. 

&  Lall. 

WI 

13 

TALL  MEADOW  RUE 

Rhamnaceae 

Ceanothus  americanus  L. 

IL 

10 

NEW  JERSEY  TEA 

C.  tomentosus  Parry 

CA 

12 

WOLLY  LEAF  CEANOTHUS 

Rhamnus  alnifolia  LHer 

WI 

12 

ALDER  BUCKTHORN 

Rosaceae 

Adenostoma  fasciculatum  Hook. 

&  Arn. 

CA 

12 

GREASEWOOD 

Aruncus  dioicus  (Walt.)  Fern. 

IL 

13 

GOAT’S  BEARD 

Cercocarpus  betuloides  Nutt,  ex 

Torr.  &  A.  Gray 

AZ 

12 

Crataegus  mollis  (T.  &  G.)  Scheele 

IL 

12 

HAWTHORN 

Heteromeles  arbutifolia  (Ait.)  M.J. 

Roem. 

CA 

11 

CHRISTMAS  BERRY 

Prunus  americana  Marsh. 

IL 

10 

WILD  PLUM 

P  armeniaca  L. 

IL 

11 

APRICOT 

P  persica  (L.)  Batsch 

IL 

11 

PEACH 

P  serotina  Ehrh. 

IL 

12 

BLACK  CHERRY 

Pyrus  ioensis  (Wood)  Bailey 

IL 

12 

WILD  CRAB 

Rosa  Carolina  L. 

IL 

11 

CAROLINA  ROSE 

R.  multiflora  Thunb. 

IL 

12 

MULTIFLORA  ROSE 

R.  setigera  Michx. 

IL 

12 

PRAIRIE  ROSE 

Rubus  allegheniensis  Porter 

IL 

11 

BLACKBERRY 

R .  occidentalis  L. 

IL 

12 

BLACK  RASPBERRY 

Spirea  bumalda  Bury 

IL 

11 

SPIREA  ANTHONY  WATERER 

Rubiaceae 

Cephalanthus  occidentalis  L. 

IL 

12 

BUTTONBUSH 

Rutaceae 

Dictamnus  albus  L. 

IL 

11 

GAS  PLANT 

Xanthoxylum  americanum  Mill. 

IL 

12 

PRICKLY  ASH 

Salicaceae 

Populus  alba  L. 

IL 

11 

SILVER  POPLAR 

P  deltoides  Marsh. 

IL 

11 

COTTONWOOD 

P  nigra  L.  var.  italica 

Muenchh. 

IL 

12 

LOMBARDY  POPLAR 

P  tremuloides  Michx. 

IL 

11 

TREMBLING  ASPEN 
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Salix  babylonica  L. 

1L 

10 

WEEPING  WILLOW 

S.  discolor  Muhl. 

IL 

13 

LARGE  PUSSY  WILLOW 

S.  interior  Rowlee 

IL 

14 

SANDBAR  WILLOW 

S.  nigra  Marsh. 

IL 

14 

BLACK  WILLOW 

Salix  sp. 

IL 

15 

WILLOW 

Saururaceae 

Saururus  cernuus  L. 

IL 

16 

LIZARD’S  TAIL 

Saxifragaceae 

Ribes  americanum  Mill. 

IL 

12 

WILD  BLACK  CURRANT 

R.  cynosbati  L. 

IL 

11 

PRICKLY  GOOSEBERRY 

Scrophulariaceae 

Linaria  vulgaris  Hill 

IL 

13 

BUTTER  &  EGGS 

Mimulus  ringens  L. 

IL 

14 

MONKEY  FLOWER 

Pedicularis  palustris  L. 

IL 

15 

SWAMP  LOUSE  WORT 

Scrophularia  marilandica  L. 

IL 

13 

CARPENTER’S  SQUARE 

Verbascum  blattaria  L. 

IL 

12 

MOTH  MULLEIN 

V.  thapsus  L. 

IL 

12 

COMMON  MULLEIN 

Veronicastrum  virginicum  (L.) 

Farw. 

IL 

12 

CULVER’S  ROOT 

Simarubaceae 

Ailanthus  altissima  (Mill.)  Swingle 

IL 

11 

TREE  OF  HEAVEN 

Solanaceae 

Capsicum  annuum  L.  var.  grossum 

Sendt. 

IL 

13 

CALIFORNIA  WONDER  PEPPER 

Datura  stramonium  L. 

IL 

11 

JIMSON  WEED 

Nicotiana  tabacum  L. 

IL 

10 

TOBACCO 

Physalis  heterophylla  Nees 

IL 

13 

CLAMMY  GROUND  CHERRY 

P  virginiana  Mill. 

IL 

12 

VIRGINIA  GROUND  CHERRY 

Solanum  carolinense  L. 

IL 

13 

HORSE  NETTLE 

S.  dulcamara  L. 

IL 

15 

DEADLY  NIGHTSHADE 

S.  nigrum  L. 

IL 

12 

BLACK  NIGHTSHADE 

Tiliaceae 

Tilia  americana  L. 

IL 

12 

BASSWOOD 

Typhaceae 

Typha  angustifolia  L. 

IL 

12 

NARROW  LEAVED  CATTAIL 

T.  latifolia  L. 

IL 

15 

BROAD  LEAVED  CATTAIL 

Ulmaceae 

Ulmus  rubra  Muhl. 

IL 

11 

SLIPPERY  ELM 

Umbelliferae 

Angelica  atropurpurea  L. 

IL 

13 

PURPLE  ANGELICA 

Rerula  pusilla  (Nutt.)  Fern. 

IL 

16 

WILD  CELERY 

Bifora  radians  Bieb. 

9 

9 

Cicuta  yrwculata  L. 

IL 

15 

WATER  HEMLOCK 

Conium  maculatum  L. 

IL 

12 

POISON  HEMLOCK 

Daucus  carota  L. 

IL 

15 

QUEEN  ANNE’S  LACE 

Foeniculum  vulgare  Mill. 

IL 

13 

FENNEL 

Heracleum  maximum  Bartr. 

IL 

13 

COW  PARSNIP 

Osmorhiza  claytoni  (Michx.)  C.B. 

Clarke 

IL 

14 

HAIRY  SWEET  CICELY 

Z izia  aurea  (L)  W.  D.  J.  Koch 

IL 

11 

GOLDEN  ALEXANDER 

Urticaceae 

Boehmeria  cylindrica  (L.)  Sw. 

IL 

13 

FALSE  NETTLE 

Urtica  procera  Muhl. 

IL 

12 

TALL  NETTLE 

Verbenaceae 

Lippia  lanceolata  Michx. 

IL 

13 

FOG  FRUIT 

Verbena  hastata  L. 

IL 

BLUE  VERVAIN 

V.  stricta  Vent. 

IL 

13 

HOARY  VERVAIN 

V.  urticifolia  L. 

IL 

12 

WHITE  VERVAIN 
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Vitaceae 

Vitis  riparia  Michx. 

Zygophyllaceae 

Larrea  tridentata  (DC.)  Cov. 


IL 

14 

FROST  GRAPE 

AZ 

12 

CRESOTE  BUSH 

Nomenclature  in  accordance  with  Gray’s  Manual  of  Botany,  8th  Edition,  1970,  D.  Van  Nostrand  Co. 
Horticulture  species  according  to  Hortus  Third,  L.  H.  &  E.  Z.  Bailey,  1976,  MacMillan  Publishing 
Co.,  Inc. 

1South  Africa  and  Tanzania  samples  were  obtained  from  Ralteeh  Inc.,  Madison,  WI. 

2Species  without  ratings  are  being  evaluated. 

3South  Africa. 

Tanzania. 

5Vancouver,  British  Columbia. 

^Puerto  Rico. 

'Canal  Zone. 

8  Mexico. 

9Plant  was  grown  in  Jacksonville,  IL  from  seed  collected  in  Yugoslavia. 
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ABSTRACT 

The  objective  of  this  study  was  to  determine  the  effects  of  reduced  plasma 
androgen  levels  on  the  weights  of  various  tissues  from  male  rats  performing 
anaerobic  swims  five  days  per  week  for  eight  weeks.  At  the  conclusion  of  the 
anaerobic  swim  program  bodyweights,  hematocrits,  hemoglobins,  red  blood  cell 
counts,  red  blood  cell  volumes  and  tissue  to  bodyweight  ratios  were  recorded  for 
animals  from  the  intact  nonswim,  castrated  nonswim,  intact  swim  and  castrated 
swim  groups.  Decreased  seminal  vesicles  and  kidney  weight  ratios  indicated  that 
prolonged  anaerobic  swimming  did  not  alter  the  effects  of  reduced  plasma  androgen 
levels  on  these  tissues  as  reported  in  earlier  studies.  On  the  other  hand,  increased 
liver  weight  ratios  suggested  that  the  exercise  program  stimulated  weight  gains  in 
this  tissue. 


INTRODUCTION 

Adaptation  to  prolonged  anaerobic  exercise  includes  the  modification  of  struc¬ 
tures  and  functions  in  various  tissues  such  as  hypertrophy  and  improved  force  of 
contraction  in  skeletal  (Morpurgo,  1897;  Edgerton,  1970)  and  cardiac  muscles 
(Morganroth  et  ah,  1975;  Zeldis  et  ah,  1978).  Although  the  enhanced  anaerobic 
work  capacity  of  skeletal  muscle  has  been  shown  to  include  increases  in  the 
numbers  of  myofibrils  (Gollnick  et  ah,  1973)  and  total  posphogen  stores  (Hickson  et 
ah,  1975),  the  physiological  control  mechanisms  for  these  and  other  adaptations  to 
anaerobic  training  are  unclear.  Masculinization  of  the  male  by  testicular  hormones 
has  prompted  physiologists  to  investigate  a  potential  relationship  between  plasma 
levels  of  androgens  and  the  degree  of  adaptation  to  anaerobic  exercise  training. 
Some  investigators  have  demonstrated  increases  in  plasma  levels  of  testosterone 
following  short  intense  exercise  (Sutton  et  ah,  1973;  Dessypiris  et  ah,  1976), 
whereas  other  scientists  have  reported  a  decrease  in  the  plasma  androgen  levels 
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after  less  intense  but  prolonged  exercise  (Galbo  et  al.,  1977;  Morville  et  al.,  1979). 

Since  physiologists  have  shown  that  plasma  levels  of  testosterone  vary  with 
changes  in  exercise  conditions,  this  study  was  undertaken  in  order  to  determine  the 
effects  of  reduced  plasma  androgen  levels  on  the  process  of  adaptation  to 
anaerobic  training  by  changes  in  tissue  to  bodyweight  ratios  from  rats  performing 
prolonged  anaerobic  swimming. 

MATERIALS  AND  METHODS 

Thirty-two  young  male  Sprague-Dawley  rats,  weighing  175  to  200  g,  were 
maintained  in  separate  cages  in  a  controlled  temperature  room  at  23°C  with  a  12 
light  and  12  dark  lighting  schedule  and  fed  Purina  Rat  Chow  and  water  ad  libitum. 
Sixteen  animals  were  divided  equally  into  the  intact  nonswim  and  intact  swim 
groups.  The  remaining  sixteen  animals  were  castrated  and  then  allowed  to  recover 
for  one  week.  These  animals  were  divided  equally  into  the  castrated  nonswim  and 
castrated  swim  groups  after  which  the  animals  were  swam  anaerobically.  The 
animals  from  the  swim  groups  were  placed  into  a  velcrow  harness  and  then  attached 
to  a  polyvinyl  line  that  ran  through  two  eyelets  along  the  bottom  and  at  the 
opposite  ends  of  a  swim  tank.  The  line  was  pulled  posteriorly  in  order  to  lower  the 
animals  5-10  cm  beneath  the  surface  of  the  water  and  maintain  them  in  this  position 
for  anaerobic  swims  lasting  twenty  seconds.  These  animals  were  swam  five  days  per 
week  for  eight  weeks  at  two  to  five  repetitions  per  swim  period.  At  the  conclusion 
of  the  anaerobic  swim  program  the  animals  were  weighed  on  a  Fisher  digital  scale 
and  then  sacrificed  for  collection  of  blood  samples  and  excision  of  tissues.  Hematocrits, 
hemoglobins,  red  blood  cell  counts  and  red  blood  cell  volumes  were  determined  by 
a  Hycell  counter.  The  brains,  hearts,  bones  (tibia-fibula),  muscles  (gastronemius), 
seminal  vesicles,  left  kidneys  and  livers  were  weighed  on  a  Torball  balance. 

Values  for  bodyweights,  hematocrits,  hemoglobins,  red  blood  cell  counts,  red 
blood  cell  volumes  and  tissue  to  bodyweight  ratios  were  evaluated  by  analysis  of 
variance  and  the  Student-Newman-Kuels  test.  Statistical  significance  was  deter¬ 
mined  when  P  <  0.05. 


RESULTS 

The  results  on  hematocrits,  hemoglobins,  red  blood  cell  counts,  red  blood  cell 
volumes  and  the  tissue  weight  ratios  for  the  bones,  hearts,  and  muscles  were  not 
significantly  (P  <  0.05)  different  for  the  four  groups  of  animals.  On  the  other  hand, 
bodyweights  and  the  tissue  weight  ratios  for  the  seminal  vesicles,  left  kidneys  and 
livers  were  significantly  (P  <  0.05)  different  among  the  four  animal  groups. 

Bodyweights  (fig.  1)  for  the  castrated  nonswim,  intact  swim  and  castrated  swim 
groups  were  significantly  (P  <  0.05)  lighter  than  the  bodyweights  for  the  intact 
nonswim  group,  whereas  the  bodyweights  for  the  castrated  nonswim,  intact  swim  and 
castrated  swim  groups  were  not  significantly  (P  <  0.05)  different. 

The  seminal  vesicles  weight  ratios  as  shown  in  fig.  2  for  the  castrated  nonswim, 
intact  swim  and  castrated  swim  groups  were  significantly  (P  <  0.05)  smaller  than  the 
ratios  for  the  intact  nonswim  group.  On  the  other  hand,  the  seminal  vesicles  weight 
ratios  for  the  intact  swim  group  were  significantly  (P  <  0.05)  larger  than  the  weight 
ratios  for  the  castrated  nonswim  and  castrated  swim  groups.  Furthermore,  the 
seminal  vesicles  weight  ratios  for  the  castrated  nonswim  and  castrated  swim  groups 
were  not  significantly  (P  <  0.05)  different. 
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The  left  kidney  weight  ratios  as  shown  in  fig.  3  were  significantly  (P  <  0.05)  less  foi 
the  castrated  nonswin  and  castrated  swim  groups  than  the  ratios  for  the  intact  nonswim 
and  intact  swim  groups.  Moreover,  the  left  kidney  weight  ratios  for  the  castrated 
nonswim  and  castrated  swim  groups  were  not  significantly  (P  <  0.05)  different. 

The  liver  weight  ratios  in  fig.  4  for  the  castrated  nonswim  and  castrated  swim 
groups  were  significantly  (P  <  0.05)  less  than  the  ratios  for  the  intact  swim  group, 
whereas  the  liver  weight  ratios  of  the  intact  swim  group  were  significantly  (P  <  0.05) 
greater  than  the  liver  weight  ratios  for  the  intact  nonswim,  castrated  nonswim  and 
castrated  swim  groups.  Moreover,  the  liver  weight  ratios  for  the  castrated  swim 
group  were  not  significantly  (P  <  0.05)  different  from  the  liver  weight  ratios  of  the 
intact  nonswim  group,  whereas  the  liver  weight  ratios  for  the  castrated  swim  group 
were  significantly  (P  <  0.05)  greater  than  the  ratios  for  the  castrated  nonswim  group. 

DISCUSSION 

The  reduction  in  the  levels  of  plasma  androgens  following  castration  and/or 
prolonged  anaerobic  swimming  were  noted  to  affect  the  gains  in  bodyweights  and 
the  weights  of  various  tissues.  Retardation  of  bodyweight  gains  from  reduced  plasma 
androgen  levels  supported  an  earlier  study  by  Leatham,  1948.  Sandberg  et  al.,  1939 
demonstrated  a  reduced  positive  nitrogen  balance  in  castrated  rats.  The  deficiency 
in  plasma  androgens  may  have  compromised  the  synthesis  of  proteins  (Thomas  and 
Mawhinney,  1973)  with  a  concomitant  retardation  in  bodyweight  gains.  On  the 
other  hand,  the  reduction  in  bodyweight  gains  of  intact  animals  performing 
prolonged  anaerobic  swimming  may  have  been  attributed  to  decreased  food  intakes. 
Oscai  et  ah,  1971  showed  that  male  rats  performing  prolonged  aerobic  swimming 
had  poor  appetites  and  reduced  bodyweights.  Furthermore,  the  combination  of 
reduced  appetites  and  decreased  protein  synthesis  may  not  have  been  sufficient  to 
synergize  additional  decreases  in  bodyweights  of  castrated  animals  performing 
prolonged  anaerobic  swimming. 

There  was  a  confirmation  of  earlier  studies  that  castrated  male  rats  have 
reduced  weight  gains  in  the  seminal  vesicles  (Korenchevsky,  1925),  kidneys  (Basinger 
and  Gittes,  1974)  and  livers  (Kochakian  et  ah,  1956).  On  the  other  hand,  prolonged 
anaerobic  swimming  restored  the  reduced  liver  weights  of  castrated  rats  to  intact 
animal  values.  A  well  known  activity  of  the  liver  is  to  supply  glucose  via  glycogen 
for  the  performance  of  exercise.  In  addition,  exercise  has  been  shown  to  stimulate 
the  synthesis  of  liver  glycogen  (Huffman  and  Nilsson,  1971).  Prolonged  anaerobic 
swimming  may  have  stimulated  the  restoration  of  the  liver  weights  in  the  castrated 
swim  group  through  the  deposition  of  glycogen. 

The  performance  of  prolonged  anaerobic  swimming  by  the  intact  animals 
stimulated  weight  gains  in  the  kidneys  and  livers,  whereas  the  exercise  program 
inhibited  weight  gains  in  the  seminal  vesicles.  These  tissues  in  intact  nonswim  rats 
are  known  to  be  responsive  to  androgens  as  indicated  by  activation  and  induction  of 
various  enzymes  (Kochakian,  1959).  In  addition,  the  directions  of  the  responses  may 
be  determined  by  the  metabolic  states  of  the  tissues  (Pratt  and  Aronow,  1966). 
Prolonged  anaerobic  swimming  may  have  modified  the  directions  of  androgen 
actions  by  altering  the  metabolic  states  of  the  tissues,  thus  there  were  increases  in 
weight  gains  of  the  livers  and  kidneys,  whereas  there  were  a  decreases  in  the  weight 
gains  of  the  seminal  vesicles. 

In  conclusion,  the  results  from  this  study  indicate  that  prolonged  anaerobic 
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swimming  modifies  the  direction  of  tissue  response  to  the  androgens.  This  shift  may 
be  attributed  to  a  metabolic  reaction  to  an  overload  imposed  by  prolonged 
anaerobic  exercise. 
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Fig.  1.  Bodyweights  for  I  =  Intact  Nonswim, 
C  =  Castrated  Nonswim,  IS  =  Intact  Swim 
and  CS  =  Castrated  Swim  groups  at  the 
end  of  eight  weeks.  Bar  with  vertical 
line  indicates  the  mean  ±  standard  error, 
^denotes  P  <  0.05  from  the  Intact  Nonswim 
group. 


Fig.  2.  Seminal  vesicles  weights  to  bodyweights 
for  I  =  Intact  Nonswim,  C  =  Castrated 
Nonswim,  IS  =  Intact  Swim  and  CS  =  Cas¬ 
trated  Swim  groups  at  the  end  of  eight 
weeks.  Bar  with  vertical  line  indicates 
the  mean  ±  standard  error.  *denotes  P  < 
0.05  from  the  Intact  Nonswim  group. 


C  IS  CS 


Fig.  3.  Left  kidney  weights  to  bodyweights  for 
I  =  Intact  Nonswim,  C  =  Castrated  Non¬ 
swim,  IS  =  Intact  Swim  and  CS  =  Cas¬ 
trated  Swim  groups  at  the  end  of  eight 
weeks.  Bar  with  vertical  line  indicates 
the  mean  ±  standard  error.  *denotes  P  < 
0.05  from  the  Intact  Nonswim  group. 


Fig.  4.  Liver  weights  to  Iwxlyweights  for  I  =  Intact 
Nonswim,  C  =  Castrated  Nonswim,  IS  = 
Intact  Swim  and  CS  =  Castrated  Swim 
groups  at  the  end  of  eight  weeks.  Bar 
with  vertical  line  indicates  the  mean  ± 
standard  error.  *denotes  P  <  0.05  from 
the  Intact  Nonswim  group. 
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ABSTRACT 

Comparison  is  made  of  Illinois  area  data  from  three  sources:  the  Census 
Bureau  s  township,  county,  and  state  data;  acreage  data  in  plat  hooks;  and  data 
computed  from  the  ILLIMAP  system  of  digitized  rectangular  coordinates  (with 
correction  for  curvature)  of  the  Illinois  State  Geological  Survey.  The  ILLIMAP- 
based  data  are  shown  to  differ  systematically  from  those  of  the  Census,  and  they 
agree  better  with  those  of  the  plat  books  than  do  the  Census  area  data.  The 
conclusion  is  reached  that  the  Census  Bureau’s  figures  for  areas  in  Illinois  are 
biased  upward  by  about  1.1  percent.  Consequently,  a  near  average  county  of 
400,000  acres  is  smaller  by  about  4,400  acres,  and  the  state  s  area  is  about  400,000 
acres  less  than  shown  in  current  official  Census  statistics.  The  bias  appears  to  follow 
from  the  way  the  Census  Bureau  adjusted  area  data  to  state  and  national  totals,  and 
may  therefore  not  be  the  same  in  all  states. 


INTRODUCTION 

Areas  in  Illinois  need  to  be  measured  with  more  precision  than  has  been  the 
case  until  now.  One  reason  is  the  increased  interest  in  land  use  research  and 
planning.  Another  is  that  the  most  recent  Census  of  Agriculture  (1978)  has 
substantially  over  estimated  land  in  farms  in  Illinois  (Dovring  1981,  1982).  Moreover, 
comparison  between  census  area  data  (Bureau  of  the  Census  1940,  1960,  1980)  and 
recent  county  plat  books  reveal  systematic  discrepancies  which  need  to  be  resolved. 


MATERIALS  AND  METHODS 

Until  recently,  the  two  main  sources  of  area  data  were  in  the  Census  of 
Agriculture  (Bureau  of  the  Census  1940,  1960)  obtained  from  map  measurements, 
and  the  county  plat  books  reflecting  the  results  of  rectangular  survey  and  subse¬ 
quent  remeasurements.  Both  have  built-in  sources  of  error.  A  systematic  disagree¬ 
ment  between  these  two  sources  was  discovered  by  arranging  Census  data  for 
townships  in  bar  diagram  form.  On  such  a  diagram,  one  would  expect  a  mode  at  the 
township  size  of  36  square  miles,  because  this  was  the  statutory  normal  size  of  a 
rectangular  township.  In  Illinois,  a  clear  mode  instead  emerges  at  36.3  -  36.4 
square  miles,  indicating  that  one  of  the  two  sources  is  biased,  to  the  extent  of  about 
1  percent.  Which  of  the  sources  has  the  bias  cannot  be  concluded  directly  from  this 
comparison.  The  same  analysis  in  other  states  does  not  always  give  the  same  extent 
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of  bias  or  even  the  same  direction.  In  Iowa,  the  modal  township  size  is  also  larger 
than  36  square  miles,  but  somewhat  less  so  than  in  Illinois.  In  Minnesota,  by 
contrast,  the  modal  township  size  comes  out  somewhat  smaller  than  36  square 
miles.  If  the  Census  is  at  fault,  its  reconciliation  of  state  data  with  the  national  total 
may  have  had  different  effects  in  different  states,  depending  on  how  faulty  the  state 
measurements  were  to  begin  with.  If  the  rectangular  survey  results,  as  reflected  in 
plat  books,  were  the  carrier  of  the  bias,  we  would  have  to  assume  that  the  surveyors 
not  only  used  faulty  measure  but  also  that  it  was  systematically  faulty  to  a  different 
degree  in  different  areas. 

A  more  recent  source  is  in  the  ILLIMAP  system  of  digitized  rectangular 
coordinates,  corrected  for  curvature  (Swann,  DuMontelle,  Mast  and  Van  Dyke). 
This  system  dates  to  the  years  around  1970.  It  gives  coordinates  for  all  county, 
township,  and  section  corners  in  Illinois  (Illinois  State  Geological  Survey,  ISGS, 
Urbana;  computer  printouts  available  on  a  loan  basis).  Data  are  in  feet,  and  at  the 
level  of  individual  sections  the  error  margin  does  not  allow  precise  area  estimates, 
even  though  the  coordinates  are  precise  enough  for  many  purposes,  such  as  for 
identifying  resource  sites,  for  instance.  At  the  level  of  townships  and  counties,  the 
error  margin  is  insignificant  for  our  purpose. 

The  ILLIMAP  data  were  used  to  test  the  accuracy  of  the  Census  data  (drawn 
from  maps)  and  of  plat  book  data  (reflecting  rectangular  survey)  in  two  ways.  First, 
rectangular  county  areas  were  computed  from  the  ISGS  coordinates.  Thereafter, 
linear  measures  of  longitude  and  latitude  across  Illinois  were  computed  from  the 
ILLIMAP  coordinates  and  compared  with  measurements  on  a  topographic  map. 

For  the  first  of  these  tests,  only  counties  with  near-rectangular  configurations 
were  tried,  as  those  with  irregular  boundary  lines  would  be  more  complicated.  For 
instance,  Boone  County  was  investigated  by  noting  X  and  Y  coordinates  in  the  four 
corners  of  its  near-rectangular  configuration,  as  follows: 

X  Y 


3,151,456  3,150,433 

3,214,574 
AX  63,118 

Average  AX  62,836 


3,319,594 

3,212,987 

62,554  AY 

Average  AY 


3,320,515 

3,443,888  3,443,816 

124,294  123,301 

123,798 


Average  AX  times  average  AY  =  178  581  acres 
43,560  (  =  square  feet  in  an  acre) 


This  is  an  approximation  technique  acceptable  when  the  configuration  differs 
only  slightly  from  a  true  rectangle.  A  more  precise  but  more  time  consuming 
calculation,  based  on  two  triangles,  was  also  tried  for  Boone  County  (by  R. 
Herendeen)  and  revealed  an  error  term  of  .006  percent  (about  11  acres,  in  this 
case) — clearly  far  below  the  other  sources  of  error  in  this  kind  of  data. 

The  second  comparison  is  of  longitude  and  latitude  lines  across  Illinois.  For 
this,  a  topographic  map  in  the  scale  of  1:1  million  with  the  boundaries  of  all  survey 
townships,  was  used.  This  map,  like  most  other  geological  and  topographic  maps  of 
Illinois,  belongs  to  the  same  cartographic  system  as  that  used  by  the  Census  Bureau 
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Geography  Division.  Its  identification  as  to  the  location  of  longitude  and  latitude 
lines  in  relation  to  the  topographic  facts  of  Illinois  reflect  the  adjustment  of 
quadrangles  that  was  performed  in  order  to  adjust  the  area  of  the  state  to  that  of  the 
country.  Consequently,  the  map  may  be  expected  to  embody  whatever  measure¬ 
ment  bias  that  may  have  been  introduced  by  this  adjustment. 

From  this  map,  estimates  were  made  of  the  linear  distance  between  points 
(township  corners)  near  the  edge  of  the  state,  and  in  the  immediate  vicinity  of 
longitude  and  latitude  lines  shown  on  the  map  (which  are  in  whole  degrees).  The 
linear  length  of  abscissas  of  developed  parallel  (longitude  intervals)  and  of  meridional 
distance  (at  indicated  latitude)  were  computed  from  the  U.S.  Geological  Survey 
Topographic  instructions  of  1964.  Thus,  only  fractions  of  degrees  were  estimated 
from  the  map  by  millimeter  measurement,  estimating  to  the  nearest  1/10  millimeter. 
Because  of  this  approach,  any  shrinkage  (or  swelling)  of  paper  would  have  no 
consequence,  since  the  degree  fractions  were  measured  as  fractions  of  whole 
degrees,  the  latter  being  taken  from  the  tabulated  values  in  the  Topographic 
instructions  just  cited.  The  millimeter  scale  used  is  one  engraved  on  the  edge  of  a 
slide  rule,  and  any  scale  error  here  would  also  be  eliminated  by  the  measuring  of 
whole  and  fractional  degrees  in  the  same  scale.  The  scale  is  finely  enough  engraved 
to  permit  eye  estimates  to  1/10  of  the  millimeter  interval,  similarly  as  on  the  slide 
rule  itself.  Thus,  the  error  term  here  is  of  a  few  hundred  feet,  in  each  case.  The 
meridian  and  parallel  lines,  and  the  boundaries  of  survey  townships,  are  also 
printed  finely  enough  to  allow  estimates  at  this  level. 

For  instance,  longitude  89  degrees  was  followed  from  Pulaski  County  in  the 
south,  Township  14S2E,  the  southwest  corner,  to  Winnebago  County  in  the  north, 
Township  46N2E,  the  northwest  corner.  The  Y  coordinate  distance  between  these 
two  points  was  found  to  be  (3,444,193  —  1,539,947  =)  1,904,246  feet,  while  the  X 
variation  was  only  13,482  feet.  The  map  distance  includes  four  whole  latitude 
degrees;  measuring  the  fractions  of  two  other  degrees  from  the  map,  the  total 
north-south  distance  was  found  to  be  5.2605  degrees,  or  315,633  minutes,  which 
comes  to  22,997,623  inches  (at  728.62  inches  to  the  minute,  in  scale  1:1  million,  at 
the  average  of  the  latitudes  involved)  or  1,916,468  feet.  Thus  the  proportion  of  this 
map  over  the  ISGS  coordinate  measurements  is  1.00641  in  length  measure  or 
1.0129  in  square  measure,  the  latter  being  comparable  with  the  proportions 
discovered  in  the  acreage  data  above. 

RESULTS 

Tables  1,  2  and  3  show  results  from  the  measurements  described  above. 

Table  1  has  acreage  estimates  for  20  counties  and  compares  these  with  those 
computed  by  the  Bureau  of  the  Census  (its  1980  figures).  The  ratio  of  Census/ISGS 
is  always  over  1,  meaning  that  the  bias  is  consistent.  Three  of  the  counties 
(Effingham,  Marion  and  Stephenson)  are  close  to  1,  however.  This  need  only  mean 
that  the  Census  estimates  are  of  somewhat  varying  quality,  depending  on  the 
quality  of  the  maps  used.  Most  of  the  ratios  are  close  to  both  the  averages  of  the 
twenty,  and  the  weighted  and  unweighted  averages  are  close  together. 

Table  2  shows  results  from  measurement  of  four  longitude  and  five  latitude 
lines  across  Illinois.  Again,  the  weighted  and  unweighted  averages  for  each  group 
(longitudes  and  latitudes  taken  separately)  are  close  to  each  other,  and  both  groups 
of  averages  are  close  (in  area  measure)  to  those  of  Table  1. 
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The  findings  concur  to  suggest  a  bias  of  1.1  percent  in  the  Census  area 
estimates.  Accordingly,  the  area  of  the  state  appears  to  be  about  400,000  acres  less 
than  usually  shown  in  official  statistics,  and  a  typical  county  of  400,000  acres  is 
smaller  by  about  4,400  acres. 

Table  3  shows  comparison  of  the  same  results  as  in  Table  1,  for  selected 
counties,  and  including  also  area  estimates  from  detailed  scanning  of  plat  books. 
The  Census  data  are  shown  also  as  reduced  by  a  factor  of  .9891  (1/1.011).  In  all 
seven  cases,  the  reduced  Census  data  are  closer  to  the  plat  book  figures  than  were 
the  unreduced  Census  data.  The  plat  book  figures  are  also  shown  to  be  close  to  the 
data  computed  from  ISGS  coordinates  in  five  of  the  seven  counties. 

DISCUSSION 

The  main  finding  of  this  inquiry,  that  the  Census  measurements  (and  the  maps 
on  which  they  are  based)  in  Illinois  are  biased  upward  to  the  extent  of  about  1.1 
percent,  is  convincing  because  the  same  result  was  obtained  from  two  kinds  of 
analysis,  by  county  areas  and  by  longitude  and  latitude  lines.  Any  errors  in  the 
ILLIMAP  coordinates  must  be  assumed  to  be  small  and  at  random,  symmetrically 
distributed,  and  thus  could  not  have  generated  the  systematic  bias  which  the 
analyses  revealed.  The  same  goes  for  the  measurements  on  the  1:1  million  map: 
errors  in  reading  down  to  1/10  millimeter  would  also  be  without  systematic  bias. 

The  plat  books,  and  the  rectangular  surveys  which  they  reflect,  stand  acquitted 
of  major  bias.  No  doubt  they  contain  numerous  errors,  some  of  them  quite  serious 
as  established  now  and  then  through  resurveys  by  modern  precision  methods.  But 
these  errors  are  not  systematically  slanted  one  way  or  the  other,  as  far  as  the  state  as 
a  whole  is  concerned.  There  may  still  be  systematic  errors  in  some  counties  (or 
groups  of  county  components,  the  counties  being  generally  established  after  the 
original  surveys,  and  often  containing  bits  of  more  than  one  original  survey 
installment),  and  such  errors  must  be  explored  for  localized  land  use  analysis  to 
become  more  precise. 

This  finding  on  the  rectangular  survey  data  is  of  some  consequence,  for  it 
dispenses  with  any  need  to  subject  current  acreage  data  in  land  deeds,  tax  rolls,  and 
Census  returns  to  systematic  recalculation  as  would  have  been  desirable  if  the  bias 
had  been  inherent  in  the  rectangular  survey  system.  Not  that  such  recalculation 
would  be  of  much  importance  to  farmers,  landowners,  or  tax  officials;  to  them  each 
parcel  has  its  value  because  of  the  inputs  and  outputs  used  in  production,  and  if 
these  are  divided  through  by  a  slightly  larger  or  smaller  acreage  it  would  not  mean 
much  to  the  economic  and  fiscal  results.  But  for  land  use  analysis  and  planning  the 
matter  is  different.  If  the  plat  book  figures  (and  the  tax  rolls,  deeds,  and  Census 
replies  based  on  them)  can  be  trusted,  on  the  whole,  then  the  downward  revision  of 
county  (and  state)  totals  means  that  there  is  less  “other  land’  to  be  expected  when 
the  bulk  of  farm,  forest  and  urban  use  land  had  been  accounted  for.  Specifically,  the 
downward  revision  of  county  totals  places  in  sharper  relief  the  fact  of  overcount  of 
land  in  farms  in  the  1978  Census  of  Agriculture  (to  a  lesser  extent  also  in  the 
previous  mail  censuses  of  1974  and  1969),  and  renders  more  urgent  an  explanation 
and  rectification.  (Dovring,  1982). 

The  conclusions  are  specific  to  Illinois.  In  other  states,  the  matter  must  be 
taken  up  independently  of  the  Illinois  findings,  but  the  statement  of  the  problem  is 
likely  to  be  valid  in  many  of  the  states. 
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SUMMARY 

State  and  county  areas  in  Illinois  were  found  to  be  somewhat  incorrectly 
measured  in  Census  area  data  and  in  the  maps  on  which  they  are  based.  Probably 
due  to  the  adjustment  of  state  areas  to  the  total  for  the  country  (and  of  county  areas 
to  that  of  the  state,  so  established),  the  Census  area  figures  are  too  large  by  about 
1.1  percent.  By  contrast,  plat  books  (and  the  rectangular  surveys  on  which  they  are 
based)  were  found  to  be  free  of  major  or  consistent  bias,  even  though  there  are 
likely  to  be  many  detailed  errors. 

The  findings  are  of  consequence  for  land  use  analysis  and  planning,  rather  than 
for  the  day-to-day  affairs  of  farmers,  landowners,  and  tax  officials. 
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Table  1.  County  Areas,  According  to  Census  Bureau  (1980)  Estimates,  and  Esti¬ 
mates  Made  from  ISGS  Coordinate  Data. 

Data  in  Acres,  and  Ratios  Census/ISGS. 

County 

Acreage 

Census 

Estimates 

ISGS 

Coordinates 

Ratio  Census/ 
ISGS 

Boone 

180,493 

178,580 

1.0107 

Champaign 

638,861 

630,887 

1.0126 

Cumberland 

221,619 

219,891 

1.0079 

Effingham 

307,219 

306,336 

1.0029 

Grundy 

275,354 

273,099 

1.0083 

Hamilton 

279,072 

275,653 

1.0124 

Jasper 

319,104 

311,977 

1.0228 

Jefferson 

373,523 

369,384 

1.0112 

Knox 

461,677 

454,527 

1.0157 

LaSalle 

735,642 

727,126 

1.0117 

Livingston 

669,619 

663,882 

1.0086 

McDonough 

377,754 

373,859 

1.0104 

McHenry 

j 

391,219 

387,232 

1.0103 

Macoupin 

555,251 

550,347 

1.0089 

Marion 

368,685 

368,257 

1.0012 

Saline 

247,398 

244,998 

1.0098 

Stephenson 

361,389 

360,941 

1.0012 

Warren 

348,096 

342,884 

1.0152 

Wayne 

457,779 

451,634 

1.0136 

Williamson 

284,365 

280,137 

1.0151 

Sums  and  weighted 

average: 

7,854,119 

7,771,631 

1.0106 

Unweighted  average, 

20  counties 

1.0105 
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Table  2.  Results  ol  Linear  Measurements  Along  Longitude  and  Latitude  Lines  On  a 
Topographic  Map  in  Scale  1:1  Million,  and  Corresponding  Distance  Read- 


ings  From  ISGS  Coordinate  Data.  Data 

in  Feet. 

a)  Longitudes 

Distance 

Readings 

Proportion, 

Mau/ISGS 

Locations 

Map 

ISGS 

Length 

Area 

Longitude  88°,  from  White  Co., 
T6S10E,  S.E.  corner,  to 

Cook  Co.,  T41N10E,  S.W. 

corner 

1,474,038 

1,464,609 

1.0064 

1.0129 

Longitude  89°,  Pulaski  Co., 

T14S2E,  S.W.  corner,  to 
Winnebago  Co.,  T46N2E, 

N.W.  corner 

1,916,468 

1,904,246 

1.0064 

1.0129 

Longitude  90°,  Randolph  Co., 
T6S6W,  S.W.  corner,  to 

Carroll  Co.,  T23N5E,  N.W. 

corner 

1,480,619 

1,473,213 

1.0050 

1.0101 

Longitude  91°,  Pike  Co., 

T6S5W,  S.W.  corner,  to 

Rock  Island  Co.,  T16N5W, 

S.W.  corner 

671,363 

666,963 

1.0066 

1.0132 

Sums  and  weighted  averages 

5,542,488 

5,509,031 

1.0061 

1.0122 

Unweighted  averages  of 

4  north-south  lines 

b)  Latitudes 

Latitudes  38°,  from  Randolph 

Co.,  T6S6W,  S.W.  corner, 
to  White  Co.,  T6S10E, 

S.E.  corner 

511,995 

508,578 

1.0061 

1.0067 

1.0123 

1.0135 

Latitude  39°,  from  Jersey 

Co.,  T7N12W,  S.W.  corner, 
to  Crawford  Co.,  T7N13W, 

S.E.  corner 

763,672 

759, 136 

1.0060 

1.0120 

Latitude  40°,  from  Adams  Co., 
T1N8W,  S.W.  corner,  to 

Vermilion  Co.,  T18N10W,  S.W. 

corner 

1,075,231 

1,069,960 

1.0049 

1.0099 

Latitude  41°,  from  Henderson 

Co.,  T12N4W,  S.W.  corner,  to 
Kankakee  Co.,  T30N10W,  S.W. 

corner 

926,821 

922,464 

1.0047 

1.0095 

Latitude  42°,  from  Carroll  Co., 
T24N5E,  S.W.  corner,  to 

Cook  Co.,  T41N9E,  S.E.  corner 

498,539 

496,099 

1.0049 

1.0099 

Sums  and  weighted  averages 

3,776,258 

3,756,237 

1.0053 

1.0107 

Unweighted  averages  of  5 
east-west  lines 

1.0055 

1.0109 
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Table  3.  Comparison  of  County  Area  Totals  from  Census  Bureau  1980,  the  Same 
Reduced  by  .9891,  and  From  Platbooks  and  From  Computations  Based  on 
ISGS  Coordinates.  Data  in  Acres. 


State 

County 

Census 

1980 

Same,  times 
.9891 

Platbook 

ISGS 

Coordinates 

Illinois 

36,060,838 

35,667,775 

Champaign 

638,861 

631,897 

631,900 

630,887 

Cumberland 

221,619 

219,203 

219,550 

219,891 

Effingham 

307,219 

303,870 

300,600 

306,336 

Livingston 

669,619 

662,320 

663,800 

663,882 

McDonough 

377,754 

373,636 

365,900 

373,859 

Macoupin 

555,251 

549, 199 

550,450 

550,347 

Stephenson 

361,389 

357,450 

358,850 

360,941 
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COMPUTER  PROJECTS  FOR 
ATTITUDINAL  IMPROVEMENT 


Patrick  Lamont 
QIS  Department 
Western  Illinois  University 
Macomb,  Illinois  61455 


INTRODUCTION 

This  paper  discusses  the  positive  effects  of  software  development  projects  on 
beginning  and  intermediate  students  of  computing.  Projects  include  computer 
assisted  instruction  (CAI),  graphics,  business,  and  mathematical  applications.  The 
taxonomic  level  of  internalization  (receiving,  responding,  valuing,  or  organizing)  of 
students  before  and  after  the  completion  of  each  project  was  studied,  and  an 
analysis  was  made  of  affective  factors  in  the  projects  conducive  to  attitudinal 
improvement.  The  factors  discovered  are  useful  to  teachers  in  planning  interesting 
and  stimulating  programming  projects.  Here  attitudinal  improvement  means  mak¬ 
ing  the  state  of  mind  and  feelings  of  students  more  productive  and  valuable  with 
respect  to  computing. 

The  student  using  a  computer  has  a  cultural  advantage  over  his  peers. 
Whether  using  a  personal  microcomputer,  batch  processing  facilities,  or  time¬ 
sharing  terminals,  the  student  is  confronted  with  an  intellectual  environment  that 
challenges  and  reinforces  his  capabilities.  The  use  of  computer  graphics  as  a  lecture 
aid  in  undergraduate  mathematics,  as  described  by  Porter  [5],  provides  such  a  rich 
environment.  In  our  study  it  was  observed  that  the  student  able  to  complete 
projects  creating  a  stimulating  environment  for  himself  showed  attitudinal  improve¬ 
ment  of  a  high  order. 

An  element  of  discovery  is  one  ingredient  for  attitudinal  improvement.  A 
recent  report  [2]  states  that  there  is  a  strong  relationship  between  discovery  and 
attitudinal  improvement.  Teachers  were  asked  to  develop  courseware  modules 
based  on  modeling  and  the  “closed  simulation  (guided  discovery)  or  the  “open 
simulation”  (investigative)  mode  rather  than  produce  software  for  mere  programmed 
learning.  Programmed  learning  tends  to  inhibit  attitudinal  improvement  because  of 
its  impersonal  aspects.  In  our  study  advances  were  sought  in  the  area  of  humanizing 
and  personalizing  the  CAI  interface  of  man  and  machine  by  involving  some  of  our 
students  in  the  development  of  software  to  aid  in  scientific  rediscovery  and 
discovery. 

The  investigation  was  conducted  recently  with  the  help  of  three  groups  of 
students:  (1)  a  class  of  thirty  students  taking  an  Introduction  to  Computers  course, 


*This  material  is  based  upon  work  supported  by  the  National  Science  Foundation  under  Grant  Number 
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(2)  a  group  of  twenty  students  attending  an  External  File  Structures  course,  and  (3) 
a  group  of  twenty  high  school  teachers  of  mathematics  attending  an  NSF  funded 
summer  workshop  at  Monmouth  College,  Illinois.* 

OBJECTIVES 

Attitudinal  improvement  corresponds  to  the  affective,  as  opposed  to  cognitive, 
domain  of  Krathwohl,  Bloom,  and  Masia  [4].  For  any  course  the  following  objec¬ 
tives  hold  for  students. 

1.  Willingness  to  accept  responsibility  for  assignments. 

2.  Ability  to  discuss  and  ask  questions  and  express  a  point  of  view. 

3.  Ability  to  develop  a  common  purpose  with  fellow  students  and  teachers. 

4.  Development  of  habits  of  accuracy,  persistence,  conscientiousness,  and 
thoroughness. 

5.  Development  of  personal  attributes  of  self-understanding,  self-discipline, 
self-respect,  initiative,  and  independence. 

For  computing  courses  the  following  additional  objectives  may  be  stated. 

(i)  Awareness  of  the  value  and  power  of  the  computer  as  an  end  in  itself,  and 
as  a  tool  for  other  disciplines  and  for  society  at  large. 

(ii)  Involvement  in  computing  for  satisfaction  and  discovery. 

(iii)  Development  of  interest  in  computing  as  a  leisure  time  activity  and  as  a 
vocational  pursuit. 

(iv)  Ability  to  read  technical  literature. 

(v)  Ability  to  integrate  computing  into  one’s  own  personal  Weltanschauung. 
Programming  assignments  should  promote  all  of  these  objectives. 

The  project  specifications  for  the  first  group  could  require  only  moderate 
programming  maturity.  The  following  projects  produced  positive  results  in  the 
affective  domain.  A  simple  algorithm  producing  a  sequence  of  positive  integers  that 
terminates  for  choice  of  first  element  between  1  and  100  was  programmed.  The 
students  discovered  that  the  sequence  terminates  for  initial  integers  between  1  and 
200.  A  CAI  package  was  devised  to  contain  review  and  testing  facilities  using 
randomly  selected  questions.  Graphics  exercises  were  also  completed  to  produce 
computer  art.  The  programs  were  written  in  BASIC  and  operate  on  microcomputers 
in  the  QIS  laboratory  at  Western  Illnois  University.  Interests  of  the  second  group 
were  partly  vocational  in  nature  and  centered  on  business  applications  of  COBOL. 
A  package  of  thirty  programs  was  written  to  accomplish  tasks  of  business  file 
processing.  A  strong  element  of  achievement  in  the  business  computing  field  was 
shown  by  the  group.  Projects  for  the  third  group  were  chosen  from  topics  covered 
in  mathematics  lectures  at  the  workshop.  They  included  projects  in  finite  mathematics, 
calculus,  linear  algebra,  and  number  theory.  An  example  project  on  smooth  curve 
approximations  will  be  described., 

Among  our  wider  objectives  in  devising  and  approving  the  projects  were  the 
following: 

A.  To  stimulate  lasting  student  interest  in  computing; 

B.  To  assess  attitudinal  improvements  in  students  involved  in  the  projects; 

C.  To  provide  students  with  experience  in  designing  and  implementing  software; 

D.  To  use  successful  software  produced  to  improve  instruction  and  demonstra¬ 
tion  facilities; 
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E. 


To  provide  help  in  planning  departmental  offerings  by  providing  a  frame¬ 
work  for  assessing  the  quality  of  programming  assignments. 


ULAM’S  CONJECTURE 


The  teachers  at  the  NSF  funded  workshop  were  partly  concerned  with  “back  to 
basics’  and  suggested  many  programs  that  are  fun  to  implement  on  the  computer 
and  suitable  for  the  elementary  student.  For  example,  start  with  any  positive 
integer.  If  it  is  even,  divide  by  2.  If  it  is  odd,  multiply  by  3  and  add  1.  Repeat  the 
process.  It  is  Ulam’s  conjecture  that  this  sequence  terminates  with  1  for  any  starting 
positive  integer  n,  and  some  partial  results  are  kown  [6].  This  example  is  suitable  as 
a  discovery  stimulant  for  introductory  computer  students.  Intricate  tree  diagrams  of 
the  paths  traced  out  by  odd  elements  in  the  sequences  can  be  drawn.  Nested  loops 
enable  more  ambitious  students  to  run  the  program  for  ranges  of  initial  element. 
This  project  demonstrates  to  beginning  students  the  use  of  the  computer  as  a 
research  tool. 


COMPUTER  ASSISTED  INSTRUCTION 

The  instructor’s  aims  in  devising  a  CAI  package  for  introductory  computer 
courses  were  (1)  that  the  system  be  simple  to  learn  and  easy  to  use,  (2)  that  the 
system  be  flexible  enough  to  allow  students  to  progress  towards  success  when  using 
it,  (3)  that  the  system  be  readily  adaptable  for  use  on  larger  computers  with 
time-sharing  facilities  and  on  the  microcomputers  available  in  our  laboratory,  and  (4) 
that  students  be  able  to  participate  in  programming  the  package. 

To  aid  with  the  first  objective  the  package  was  written  in  BASIC.  The  first 
course  in  computers  at  this  university  is  taught  in  BASIC  and  large  numbers  (over 
2,000  per  year)  of  the  students  become  acquainted  with  the  language.  Within  the 
framework  of  the  package,  instructors  were  able  to  create  additional  material  of  any 
desired  degree  of  sophistication.  Students  of  modest  computing  maturity  were  able 
to  help  with  programming  the  package. 

The  second  objective  was  implemented  by  allowing  students  using  the  package 
more  than  one  attempt  at  each  of  the  multiple  choice  questions  randomly  selected. 
For  tutorial  work  the  questions  were  arranged  within  subject  headings  and  students 
were  encouraged  to  study  areas  with  which  they  were  unfamiliar,  learning  from  the 
correct  answers  provided  by  the  computer.  An  examination  situation  could  also  be 
created.  Questions  on  computer  development,  hardware,  number  systems,  software, 
programming,  personal  computing,  computer  networks,  and  applications  to 
education,  art,  music,  medicine,  government,  transportation,  criminal  justice, 
automation,  business  and  finance  were  programmed  by  the  students. 

The  third  aim  of  portability  was  emphasized  to  the  introductory  computer 
students.  Again  the  choice  of  BASIC  was  fortuitous.  The  package  could  be  implemented 
on  the  PDP  11-40  at  Monmouth.  Transfer  of  the  package  from  the  microcomputers 
in  the  QIS  laboratory  to  the  PDP  system  involved  minimal  changes.  The  objectives 
set  down  for  the  CAI  package  were  also  applied  to  the  design  and  development  of 
the  other  packages. 

The  fourth  objectives  of  having  students  participate  in  the  project  was  accom¬ 
plished  by  letting  beginning  students  program  individual  questions  with  the  correct 
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answers  flagged.  A  more  advanced  student  classified  the  questions  and,  with  the 
instructor’s  help,  put  them  together  in  the  final  package. 

EXTERNAL  FILE  STRUCTURES 

The  second  group  of  students  designed  and  developed  structured  COBOL 
programs  for  the  IBM  370-155  at  Western  Illinois  University  utilizing  data  files  on 
tape  and  disk  storage  devices.  Objectives  were  to  introduce  concepts  and  tech¬ 
niques  for  data  organization  and  manipulation  on  tape  and  disk  and  to  develop  the 
advanced  skills  needed  in  typical  applications  programming  projects.  Sequential, 
direct,  and  indexed  sequential  file  projects  were  specified.  Because  of  the  length 
and  difficulty  of  some  of  the  tasks,  a  feeling  of  considerable  achievement  was 
experienced  by  students  completing  the  tasks  successfully. 

Bank  data  processing  was  the  subject  chosen  for  the  following  projects.  (1)  A 
sorted  transaction  file  containing  new  accounts,  closed  accounts,  and  updates  was 
used  to  create  a  new  master  disk  file  from  a  parent  sequential  checking  account  file. 
(2)  An  unsorted  transaction  file  containing  bad  data  was  verified  and  sorted  on 
checking  account  number  and  used  to  update  the  master  file.  Bank  statements  for 
customers  were  produced.  (3)  A  back-up  copy  of  the  new  master  file  was  created  on 
tape.  (4)  An  indexed  sequential  master  file  was  created  and  updated  against  a 
transaction  file  using  random  access.  (5)  A  project  similar  to  (4)  using  direct  file 
organization  was  also  completed. 

Attitudinal  improvement  is  not  easily  achieved  without  motivation  and  fulfillment. 
Ausubel  [1]  states  that  achievement  motivation  involves  affiliative,  ego-enhancing, 
and  cognitive  drives.  The  ego-enhancing  drive  was  found  to  be  strongest  in  the 
second  group.  In  this  group  forty-five  percent  felt  that  the  ego-enhancing, 
thirty-five  percent  the  cognitive  drive,  and  twenty  percent  the  affiliative  drive  to  be 
the  most  important  as  a  factor  contributing  to  motivation  and  attitudinal  improve¬ 
ments  in  this  course.  Ninety  percent  had  the  immediate  fulfillment  of  passing  the 
course.  Students  who  have  completed  this  course  successfully  are  employable  as 
COBOL  programmers  at  relatively  high  starting  salaries. 

SMOOTH  CURVE  APPROXIMATIONS 

A  sample  project  by  a  participant  in  the  NSF  funded  summer  workshop  is 
described.  Let  (a^bj)  be  m  experimentally  determined  points.  Let 
A  =[1,  ai9  ...,  af]  and  B  =  [bj 
by  matrices  of  type  m  by  n  T  I  and  m  by  1  respectively.  Then 

X  =  (Af  A)  1  A*  B 

gives  the  least  squares  fit  of  the  experimental  data  of  the  form  (y,  t)  to  the  smooth 
curve 

y  =  xG  +  xYt  -F  x2t2  4-  ...  +  xntn 

where  X  =  [xj.  Using  these  formulas,  the  necessary  software  for  a  classroom 
demonstration  of  Hooke  s  constant  for  a  spring  or  the  value  of  the  gravitational 
constant  g  is  easily  devised.  Color  graphics  showing  the  actual  smooth  curve  ap¬ 
proximating  results  enhance  the  presentation. 

This  package  was  particularly  successful  in  producing  attitudinal  improvements. 
The  package  provides  facilities  for  discovering  new  functional  relationships  and 
constants  from  empirical  evidence.  The  uses  of  the  package  are  therefore  many  and 
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varied.  For  example  a  medical  study  where  a  variable  quantity  of  drug  administered 
is  compared  to  the  time  length  of  induced  state  could  be  made  using  smooth  curve 
approximations  of  small  integer  degree.  The  package  is  a  useful  research  tool,  and 
may  be  used  in  a  science  laboratory  as  an  aid  to  discovering  and  understanding 
formulas. 

Conclusions.  On  the  basis  of  evaluation  of  written  responses  to  questionnaires 
and  oral  statements,  data  was  collected  on  the  level  of  internalization  of  students. 
Student  responses  of  the  type  “I  often  try  to  convince  my  friends  to  study 
computing’  or  “I  like  to  read  articles  in  Datamation  were  judged  to  put  the 
student  at  the  valuing  level.  A  statement  like,  "Just  as  elegance  is  possible  in 
mathematical  proof,  it  is  possible  through  structure  in  computer  programming’  was 
judged  to  put  the  student  at  the  organization  level.  At  the  beginning  (Figure  1)  and 
end  (Figure  2)  of  the  courses  the  following  data  expressed  as  percentages  was 
obtained. 


Group 

1 

2 

3 

1.  Receiving 

97 

100 

100 

2.  Responding 

50 

70 

85 

3.  Valuing 

30 

35 

80 

4.  Organization 

7 

10 

75 

Figure  1. 


Group 

1 

2 

3 

1.  Receiving 

83 

90 

100 

2.  Responding 

77 

85 

100 

3.  Valuing 

40 

45 

90 

4.  Organization 

20 

25 

85 

Figure  2. 


From  a  survey  it  was  learned  that  attitudinal  improvements  are  engendered  by 
computer  projects  that: 

1.  increase  the  feeling  of  usefulness  of  the  student; 

2.  provide  opportunities  for  discovery  of  ideas; 

3.  increase  the  students’  ability  to  communicate  with  his  or  her  peers; 

4.  enable  the  student  to  use  the  knowledge  he  has  gained  in  a  productive 
way; 

5.  provide  opportunities  for  self-discovery  of  talents; 

6.  aid  in  developing  self-confidence; 

7.  provide  a  unity  of  purpose  with  instructors; 

8.  facilitate  participation  in  the  stewardship  of  the  new  science  of  computing; 

9.  provide  opportunities  for  creativity; 

10.  make  the  student  aware  of  adding  to  his  or  her  store  of  knowledge; 

11.  are  fun  to  do; 

12.  enable  the  student  to  understand  why  new  concepts  are  introduced. 

In  order  to  compare  the  relative  importance  of  the  various  factors  with  the 
level  of  internalization  of  the  students,  a  questionnaire  was  devised.  Each  student 
voted  for  three  factors.  The  following  results  were  obtained  expressed  as  percentages. 
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Receiving,  responding,  valuing,  and  organizing  are  recorded  as  levels  1,  2,  3,  and  4 
respectively. 


1 

2 

3 

4 

5 

FACTOR  6 

7 

8 
9 

10 

11 

12 


Our  results  show  that  the  vocational  factor  of  participation  in  the  stewardship 
of  computer  science  may  be  conjectured  to  decrease  in  importance  with  increase  of 
level  of  internalization.  Enabling  students  to  use  knowledge  gained  in  a  productive 
way  is  chosen  as  important  most  frequently  at  all  levels. 

The  instructor  may  check  his  programming  assignments  against  the  list  of 
factors  to  determine  the  assignments’  possibilities  for  producing  attitudinal  improvement. 
Willingness  to  learn,  to  reason,  to  accept  change,  to  cope  with  decision  making,  to 
do  research,  in  short,  to  be  valuable  and  productive,  should  be  encouraged  as 
objectives  for  all  students  through  the  choice  of  appropriate  programming  projects. 
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ABSTRACT 

An  outcrop  of  Radnor  Till  (Illinoian)  in  Woodford  County,  Illinois  revealed  the 
presence  of  multiple,  thin  till  units,  each  having  unique  lithologic  characteristics. 
Sand-silt-clay  ratios,  clay  and  carbonate  compositions  and  pyrite  contents  were 
determined  for  37  samples  representing  four  till  units.  Analysis  of  variance  and 
discriminant  analysis  of  the  compositional  data  support  the  uniqueness  of  each  till 
unit.  It  is  suggested  that  the  ill  units  represent  deposition  from  separate  icelobe 
advances,  including  lobes  from  both  Lake  Erie  and  Lake  Michigan  sources. 


INTRODUCTION 

While  examining  an  exposure  of  the  Radnor  Till  Member  of  the  Glasford 
Formation  (Jubileean  Substage  of  the  Illinoian)  we  noted  the  presence  of  a 
lacustrine  silt  in  the  middle  of  the  till.  It  became  apparent  that  either,  1)  a  small 
ice-marginal  lake  existed  during  a  minor  retreat  of  a  major  ice  lobe,  or  2)  a  more 
extensive  lake  existed  between  two  separate  ice  advances.  In  the  first  case,  the  tills 
above  and  below  the  silt  should  be  similar  and  would  be  a  single,  but  slightly 
interrupted,  deposit.  In  the  second  case,  it  could  be  expected  that  the  tills  above 
and  below  the  silt  would  have  different  characteristics.  It  would  also  mean  that  the 
Radnor  Till,  at  least  at  this  location,  is  composed  of  multiple  till  units  instead  of  a 
single  till  deposit.  Additional  field  evidence  supported  the  second  choice. 

The  status  of  our  present  knowledge  of  the  Radnor  Till  and  the  possible 
significance  of  a  new  interpretation  of  this  part  of  the  Pleistocene  section  was 
discussed  with  John  Kempton  of  the  Illinois  State  Geological  Survey  (ISGS). 
During  the  discussion  he  pointed  out  that  there  had  been  very  little  statistical 


253 


254 


Statistical  Confirmation  of  Till  Units 


analyses  of  till  data  done  in  the  state.  It  was  at  his  suggestion  that  this  study  was 
begun  and  our  goals  became  1)  to  try  to  determine  if  the  Radnor  Till  is  indeed 
made  of  multiple  till  units,  and  2)  to  see  if  advanced  statistical  tests  could  be  useful 
in  confirming  or  denying  field  evidence  for  a  multiple-till  hypothesis.  This  study 
was  not  meant  to  redefine  Radnor  stratigraphy,  nor  to  be  an  end  in  itself.  Rather, 
we  hope  that  the  results  of  our  small-scale  study  will  motivate  other  glacial 
stratigraphers  to  try  to  unravel  the  details  of  Illinois  geochronology  and  will  further 
the  use  of  statistical  techniques  in  problem  solving. 

LOCATION  AND  METHODS  OF  STUDY 

The  outcrop  of  Radnor  Till  that  is  the  object  of  this  study  is  exposed  along  a 
cut-bank  of  a  small  tributary  that  feeds  into  the  Mackinaw  River.  It  is  located  in  the 
NW/4,  NE/4,  NW/4,  Sec.  12,  T25N,  R1W,  Woodford  County,  Illinois  (Figure  1). 
The  outcrop  is  a  vertical  face  cut  into  the  Eureka  Moraine  and  is  exposed  for  a 
maximum  of  approximately  5  m  vertically  and  for  approximately  160  m  intermittently 
along  the  stream.  About  200  m  to  the  northwest  Wisconsinan  units,  including  the 
Robein  Silt  (Farmdalian)  and  the  Tiskilwa  and  Snider  Till  Members  of  the  Wedron 
Formation  (Woodfordian),  have  been  identified  above  the  Radnor  along  a  road-cut, 
Additional  till  is  exposed  along  the  Mackinaw  River,  approximately  130  m  to  the 
east  and  5-6  m  lower  in  elevation  from  the  main  outcrop  under  study.  This  lower  till 
is  also  included  in  the  Radnor  on  the  Quaternary  Deposits  of  Illinois  Map 
(Lineback,  1979a). 

The  outcrop  along  the  cut-bank  was  studied  in  the  field  in  an  attempt  to 
identify  distinctive  units.  Multiple  samples  from  each  unit  were  collected  at  each 
end  and  in  the  middle  of  the  exposure.  In  addition,  five  samples  were  collected 
over  a  distance  of  50  m  from  the  Radnor  Till  exposed  along  the  Mackinaw  River.  All 
the  samples  were  analyzed  by  the  ISGS  for  sand-silt-clay  proportions,  expandable 
elay-illite-kaolinite -I- chlorite  proportions  and  x-ray  analysis  of  calcite  and  dolomite 
(reported  as  counts  per  second).  The  authors  performed  standard  Chiddick  analyses 
of  carbonate  content  (Dreimanis,  1962)  using  ISGS  laboratory  facilities.  Finally,  we 
examined  heavy  mineral  separates  from  the  sand  fraction  of  the  samples  to  see  if 
there  is  any  significant  variation  in  pyrite  content.  A  Radio  Shack  TRS-80 
Microcomputer  and  a  Radio  Shack  taped  statistical  program  (Advanced  Statistical 
Analysis,  Hebbler,  1979)  were  used  to  calculate  means,  standard  deviations  and 
variances  for  each  category  of  analyses.  An  analysis  of  variance  (ANOVA)  was  then 
made  of  each  type  of  data  to  determine  if  significant  differences  existed  between 
sample  populations.  Also,  a  linear  step-wise  discriminant  analysis  (Klecka,  1975)  of 
all  the  data,  except  pyrite  analyses,  was  run  using  Illinois  State  University  s  AS 
5000  computer.  In  order  to  check  the  discriminant  analysis  method,  we  also  ran 
this  test  on  published  data  from  field-differentiated  tills  in  Vermillion  County. 

FIELD  UNITS 

An  exposure  of  the  Radnor  Till  runs  NE-SW  along  the  south  side  of  a  tributary 
to  the  Mackinaw  River.  A  sketch  of  the  section  is  shown  in  Figure  2.  A  maximum  of 
5  m  of  cut-bank  exposure  is  visible  near  the  northeastern  end.  Only  about  3  m  of 
exposure  exists  at  the  southwestern  end  160  m  upstream.  A  stream  meander 
interrupts  the  continuity  of  the  whole  exposure,  but  the  till  units  can  be  carried 
through  easily,  except  that  the  till  under  the  lake  silt  is  not  exposed  at  the 
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southwestern  end.  The  lowest  till  unit  studied  occurs  to  the  east  along  the 
Mackinaw  River. 

Individual  till  units  were  distinguished  in  the  field  by  a  combination  of  the 
following  characteristics:  1)  color,  2)  degree  of  compactness,  3)  ability  to  produce  a 
ball  or  ribbon  by  rolling  the  till  between  one’s  fingers  (a  function  of  clay  content),  4) 
bedding  planes,  5)  the  presence  or  absence  of  blocky  or  columnar  structure,  6)  sand 
lenses  along  bedding  planes,  7)  separation  by  a  lacustrine  silt,  8)  termination  of 
structural  joints  against  bedding  planes,  9)  unit  pinchouts,  and  10)  the  relative 
amount  of  coarse-grained  constituents:  pebbles,  cobbles,  and  boulders.  Many  of  the 
above  features  are  illustrated  in  Figure  2. 

Using  the  above  criteria  we  were  able  to  distinguish  five  separate  till  units 
within  the  designated  Radnor  Till  at  this  location  and  along  the  Mackinaw  River. 
Statistical  data  were  obtained  for  four  of  these.  The  fifth  till,  15-20  cm  thick,  is 
exposed  for  only  a  short  distance  at  the  southwestern  end  (shown  pinching-out  in 
Figure  2)  and  is  not  extensive  enough  to  provide  significant  sampling.  The  separate 
till  units  sampled  in  this  study,  from  oldest  to  youngest,  are  1)  a  gray  till  exposed 
along  the  Mackinaw  River,  2)  a  gray  till  below  the  lacustrine  silt,  3)  a  gray  till  above 
the  lacustrine  silt,  and  4)  a  brown  till  (Figure  2). 

Gray  till  along  the  Mackinaw  River 

A  gray  till  is  exposed  for  about  50  m  along  the  western  bank  of  the  Mackinaw 
River  during  low  stream  flow.  Approximately  3  m  of  till  are  exposed,  with  some 
question  as  to  whether  or  not  this  includes  the  top  of  the  unit.  The  relationship 
between  this  till  and  the  gray  till  below  the  lacustrine  silt  can  not  be  seen  due  to 
vegetative  cover  between  this  outcrop  and  the  outcrop  where  the  overlying  tills  are 
exposed.  This  till  is  grayish-brown,  10  YR  5/2  (moist);  light  gray,  10  YR  7/2  (dry).  It 
is  very  sandy,  with  abundant  pebbles  and  cobbles  throughout  and  contains  numer¬ 
ous  gravel  lenses.  It  is  hard,  massive  and  contains  structural  joints. 

Gray  till  below  the  silt 

Less  than  one-half  meter  of  the  top  of  another  gray  till  is  exposed  in  the  bottom 
of  the  tributary  stream.  The  thickness  of  the  till  is  unknown.  This  till  is  gray,  5  Y  5/1 
(moist);  light  gray,  5  Y  6/1  (dry).  It  is  a  little  less  sandy  than  the  underlying  till,  but 
is  equally  massive,  compact  and  hard. 

Lacustrine  silt 

The  lacustrine  silt  separates  two  units  of  the  Radnor  Till  and  its  presence 
introduced  the  question  that  initiated  this  study.  It  is  approximately  V2-V3  m  thick  and 
has  widely-spaced  joints.  It  varies  in  color  from  dark  gray  to  dark  grayish-brown  to 
black,  depending  on  the  organic  content.  Dark  layers  contain  abundant  plant 
debris,  including  pieces  of  wood,  whereas  light  bands  contain  less  organic  matter. 
The  entire  silt  unit  contains  abundant  insect  carapaces  and  crushed  gastropods,  1-2 
mm  in  size.  An  average  of  16  mechanical  analyses  yields  6.8%  sand,  78.5%  silt  and 
14.7%  clay.  Clay  composition  is  19.1%  expandable  clay,  57.2%  illite  and  23.7% 
kaolinite  +  chlorite.  Greater  than  95%  of  the  heavy  minerals  consist  of  extremely 
fine,  granular  pieces  of  irregularly-shaped  pyrite  which  appear  to  be  authigenic. 
Gray  till  above  the  silt 

The  till  above  the  lacustrine  silt  thins  to  20-30  cm  at  the  northeastern  end  of 
the  outcrop  from  a  maximum  thickness  of  2  m  in  the  middle.  It  is  gray,  5  Y  5/1 
(moist);  light  gray,  5  Y  6/1  (dry).  It  is  less  sandy  and  pebbly  than  the  other  tills, 
except  that  the  upper  30  cm  contains  a  moderate  abundance  of  cobbles  and 
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pebbles.  The  upper  part  has  a  platy  structure  with  5-10  cm  spacing,  becoming  more 
massive  down  from  the  top.  It  does  not  appear  to  be  quite  as  compact  as  the  lower 
tills.  It  also  contains  widely-spaced  structural  joints. 

Brown  till 

Although  the  yellowish-brown  color,  10  YR  5/4  (moist),  and  very  pale  brown 
color,  10  YR  7/4  (dry),  clearly  distinguish  this  till  from  the  gray  tills,  other  field 
criteria  are  also  present.  It  is  less  compacted  than  the  others,  possesses  a  blocky 
structure,  particularly  near  the  base,  and  has  sand  lenses  at  the  base.  Joints  in  the 
underlying  tills  terminate  against  the  base  of  the  brown  till.  This  unit  is  from 
approximately  Vz  m  to  2  m  thick.  The  brown  till  is  overlain  in  this  outcrop  by  Peoria 
Loess,  though  the  Robein  Silt  and  Wisconsinan  tills  are  present  above  the  Radnor 
uphill  to  the  south,  where  the  moraine  is  higher. 

QUANTITATIVE  LITHOLOGIC  DATA 

Standard  analyses  for  tills  were  completed  for  each  till  unit,  including  1)  a 
mechanical  separation  into  sand,  silt  and  clay  fractions;  2)  a  division  of  the  clay 
fraction  into  expandable  clays  (montmorillonite),  illite  and  the  sum  of  kaolinite  + chlorite; 
and  3)  carbonate  analyses.  Means  and  standard  deviations  of  the  results  are  shown 
in  Table  1.  Triangular  plots  of  the  first  two  types  of  analyses  are  shown  in  Figure  3. 
Although  the  tills  plot  in  overlapping  fields,  the  distribution  of  points  suggests 
differences  in  the  tills. 

The  carbonate  analyses  were  done  by  two  methods,  one  of  which  determines 
the  number  of  X-ray  counts  per  second  for  each  of  calcite  and  dolomite,  and  the 
second,  the  Chiddick  method,  in  which  wet-laboratory  procedures  are  used  to 
determine  weight-percent  calcite  and  dolomite.  Results  of  the  Chiddick  tests  are 
shown  in  Figure  4,  in  which  it  is  seen  that  there  is  a  widespread  variation  and  an 
inverse  relationship  in  the  quantities  of  calcite  and  dolomite  for  the  gray  till  above 
the  silt.  There  is  a  smaller  grouping  of  points  for  the  gray  till  along  the  Mackinaw 
River.  The  other  tills  show  a  wide  scatter  of  points  with  no  significant  relationships 
within  the  till  units.  Also,  the  general  scatter  of  points  for  each  till  unit  is  too  broad 
to  distinguish  any  particular  till  unit  by  its  calcite  or  dolomite  content.  Overall,  the 
dolomite  content  is  approximately  2.5  to  3  times  the  calcite  content. 

The  X-ray  technique  is  the  method  most  commonly  used  by  the  ISGS.  A 
comparison  of  the  two  methods  is  shown  in  Figure  5,  in  which  X-ray  counts  are 
plotted  against  weight  percents  determined  by  the  Chiddick  method.  The  X-ray 
data  alone  show  some  differences  in  the  various  till  units,  in  spite  of  some  field 
overlap.  However,  our  analyses  show  no  correlation  between  the  two  types  of 
analysis,  in  which  a  wide  range  of  X-ray  counts  correspond  with  little  variation  in 
Chiddick  analyses.  This  is  contrary  to  expectations  that  the  number  of  X-ray  counts 
would  increase  with  increasing  weight-percent  carbonate. 

Moore  (1981)  has  shown  that  Wisconsinan  tills  deposited  from  Lake  Michigan 
ice  lobes  have  a  high  pyrite  content  (57%  of  heavy  minerals  in  Iroquois  County) 
relative  to  tills  deposited  from  Lake  Erie  ice  lobes  (5%).  Heavy  mineral  analyses 
were  conducted  in  an  effort  to  determine  if  the  tills  in  this  sequence  are  the  result 
of  deposition  by  more  than  one  ice  lobe.  Sand  fractions  of  the  tills  were  immersed 
in  tetrabromoethane  and  the  heavy  mineral  concentrates  thus  obtained  were  run 
through  a  magnetic  separator  to  remove  magnetite.  The  remaining  fraction  was 
analyzed  by  grain  counting  to  determine  the  percentage  of  pyrite.  The  object  of  this 
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Table  1 — Means  (a)  and  standard  deviations  (b)  of  analytical  data.  1)  brown  till,  2) 
gray  till  above  silt,  3)  gray  till  below  silt,  and  4)  gray  till  along  the 
Mackinaw  River.  Given  in  percent  unless  indicated  CPS  (counts  per 
second). 


1 

2 

3 

4 

(N  =  10) 

(N  =  14) 

(N  =  8) 

(N  =  5) 

Sand 

(a) 

37.7 

31.7 

37.6 

44.8 

(b) 

6.0 

9.4 

5.7 

1.0 

Silt 

(a) 

42.7 

48.0 

40.9 

36.6 

(b) 

2.6 

9.6 

5.8 

1.2 

Clay 

(a) 

22.4 

20.3 

22.1 

18.5 

(b) 

4.1 

5.2 

8.8 

1.6 

Exp.  Clay 

(a) 

6.2 

7.9 

9.9 

17.9 

(b) 

1.5 

6.6 

5.6 

1.8 

Ulite 

(a) 

83.1 

72.5 

72.2 

65.4 

(b) 

1.9 

6.6 

7.2 

1.3 

K  +  C 

(a) 

10.8 

19.5 

17.9 

16.7 

(b) 

2.4 

4.1 

1.9 

2.7 

Calcite-X-ray  (cps) 

(a) 

22.5 

23.4 

14.9 

30.6 

(b) 

3.2 

9.3 

5.5 

4.7 

Dolomie-X-ray  (cps) 

(a) 

36.7 

32.9 

22.8 

36.2 

(b) 

10.2 

7.9 

6.6 

5.0 

Calcite-Chiddick 

(a) 

6.6 

7.0 

5.6 

7.6 

(b) 

0.5 

1.9 

2.0 

0.5 

Dolomite-Chiddick 

(a) 

17.6 

19.1 

18.3 

18.3 

(b) 

0.7 

2.2 

1.9 

0.5 

Pyrite 

(a) 

5.6 

19.5 

5.6 

9.7 

(b) 

5.9 

6.0 

1.7 

3.3 

was  to  determine  if  different  ice  lobes,  coining  from  different  directions,  might  be  a 
factor  in  explaining  multiple  till  units  in  the  Radnor.  Our  results  (Table  1)  indicate 
that  the  gray  till  above  the  silt  zone  contains  2-3  times  as  much  pyrite  as  the  other 
till  units,  suggesting  the  possibility  of  different  sources  areas. 

STATISTICAL  TESTS 

The  lithologic  data  discussed  above  and  presented  in  Table  1  and  Figures  3-5 
represent  standard  types  of  numerical  data  used  in  making  quantitative  comparisons 
of  tills.  The  above  data,  however,  can  be  subjected  to  rigorous  statistical  analyses, 
although  these  procedures  have  not  been  widely  utilized  in  the  literature  on  Illinois 
tills.  One  exception  is  Moore  (1981)  who  used  analysis  of  variance  (ANOVA)  and 
least  significant  difference  tests  to  statistically  differentiate  Wisconsinan-age  tills. 
One  of  our  research  objectives  was  to  subject  our  data  to  two  statistical  techniques, 
one-way  analysis  of  variance  and  discriminant  analysis.  Both  of  these  techniques  are 
viable  methods  of  comparing  sample  data  of  sedimentary  units. 

A  simple  single-factor  analysis  of  variance  was  done  for  each  of  the  eleven  types 
of  data  (in  which  each  type  of  data  can  be  treated  as  a  variable)  and  the  four  till 
units.  The  F-ratios  reported  in  Table  2  were  determined  by  observing  the  variance 
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among  the  four  till  units  relative  to  the  variance  within  each  unit.  These  computed 
F- ratios  were  then  compared  to  the  tabled  values  of  F  at  both  the  a  =  .05  and  a  = 
.01  levels  of  significance.  Statistically  significant  differences  among  the  four  till  units 
were  found  to  exist  for  eight  of  the  eleven  variables.  Alternatively,  no  statistically 
significant  differences  among  the  till  units,  based  on  the  F-ratios  for  the  variables 
clay,  Chiddix-calcite,  and  Chiddix-dolomite,  were  found  to  exist. 

Table  2 — ANOVA  for  data  from  four  tills.  Starred  items  indicate  significant  (*)  and 


highly  significant  (**)  differences  between  groups. 


D.F. 

F-Ratio 

Level  of  Significance 

Sand 

3-34 

4.056 

.014* 

Silt 

3-34 

3.943 

.016* 

Clay 

3-34 

0.706 

.558 

Exp.  Clay 

3-33 

6.290 

002** 

Illite 

3-33 

12.700 

.000** 

K  +  C 

3-33 

14.366 

.000** 

X-ray  Cal. 

3-31 

5.476 

004** 

X-ray  Dol. 

3-34 

5.119 

.005** 

Chid.  Cal. 

3-21 

1.690 

.199 

Chid.  Dol. 

3-21 

1.089 

.376 

Pyrite 

3-21 

6.412 

002** 

A  second  analysis  of  variance  was  performed  in  which  only  adjacent  till  units 
were  compared  for  each  variable  independently.  The  results  of  this  analysis  are 
reported  in  Table  3.  In  this  analytic  situation  a  fewer  number  of  variables  yielded 
statistically  significant  F-ratios.  When  the  brown  till  samples  were  compared  to  the 
gray  till  above  silt  samples,  only  three  variables  yielded  statistically  significant 
differences  between  these  two  groups  (illite,  kaolinite  +  chlorite,  and  pyrite).  In  the 
second  situation,  the  gray  till  above  silt  samples  were  compared  to  the  gray  till 
below  silt  samples.  Statistically  significant  differences  between  these  two  groups 
exist  for  the  variables  X-ray  calcite,  X-ray  dolomite,  and  pyrite.  No  significant 
differences  among  till  units  existed  for  the  remaining  variables.  The  third  compari¬ 
son  was  between  the  gray  till  below  silt  samples  and  the  samples  of  tills  along  the 
Mackinaw  River.  In  this  situation  four  variables  yielded  statistically  significant 
differences  between  the  two  till  units.  These  were  X-ray  calcite,  X-ray  dolomite, 
sand  and  expandable  clay.  Because  statistically  significant  differences  exist  for  only  a 
few  of  the  analytic  variables,  it  appears  that  no  single  variable  can  be  used  to 
separate  till  units.  However,  differences  in  the  till  units  are  greatly  magnified  when 
variables  are  statistically  combined  using  step-wise  discriminant  analysis. 

Discriminant  analysis  as  a  multivariate  statistical  technique  has  become  increas¬ 
ingly  more  widely  utilized  as  a  research  tool  for  differentiating  two  or  more  a  priori 
defined  groups  within  a  classification  system.  Secondly,  discriminant  analysis  can 
also  be  used  for  assigning  new  observations  to  a  group  with  a  minimum  probability 
of  error.  In  this  research  ten  analytic  variables  were  utilized.  Discriminant  analysis 
combined  these  variables  into  a  single  index  and  generates  a  linear  discriminant 
function.  Because  of  the  variety  of  options  available,  the  authors  utilized  the  SPSS 
discriminant  analysis  program  (DISCRIMINANT).  We  opted  for  the  step-wise 
variable  selection  rather  than  the  direct  method  in  which  all  variables  would  have 


Transactions  of  the  Illinois  Academy  of  Science 


259 


simultaneously  entered  the  analysis.  The  specific  step-wise  selection  criterion 
utilized  was  Wilks  lambda.  In  this  step-wise  procedure  the  single  variable  from  the 
set  of  variables  which  has  the  highest  discriminating  power  enters  the  analysis  first. 
In  turn,  the  second  variable  selected  from  the  remaining  list  of  variables  is  that 
variable  which,  in  conjunction  with  the  first,  has  the  second  highest  discriminating 
power.  The  process  of  variable  entry  continues  until  a  minimum  F-value  or 
tolerance  level  is  achieved. 

Table  4  summarizes  the  discriminant  analysis.  The  most  powerful  discriminat¬ 
ing  variable  is  Chiddix-dolomite,  with  a  corresponding  Wilks’  lambda  of  .318  and  an 
equivalent  F(j  f  =3  30)  =  21.4.  As  the  analysis  proceeds  the  variables  entered  in 
steps  2  through  8  are:  X-ray  dolomite,  silt,  illite,  Chiddix-calcite,  sand,  K  +  C  and 
X-ray  calcite,  respectively.  Although  ten  variables  were  available  for  selection,  only 
eight  were  selected  until  the  minimum  F  was  achieved.  The  variables,  clay  and 
expandable  clay,  never  entered  the  analysis  because  of  their  low  discriminating 
power.  This  was  to  be  expected  because  the  values  for  the  variables  sand,  silt  and 
clay  were  expressed  as  percentages  in  which  the  percentages  summed  to  one- 
hundred  percent.  Thus,  once  sand  and  silt  had  entered  the  analysis,  the  value  for 
clay  was  predetermined.  A  similar  line  of  reasoning  pertains  to  the  variable  of 
expandable  clay. 

Table  3 — Significance  levels  for  ANOVA,  comparing  data  from  sets  of  two  adjacent 


till  units:  1)  Brown  till/gray  till  above  silt;  2)  gray  tills  above  and  below  silt; 
3)  gray  tills  below  silt  and  along  the  Mackinaw  River.  Starred  items 
indicate  significant  (*)  and  highly  significant  (**)  differences. 


I 

2 

3 

Sand 

.604 

.127 

.018* 

Silt 

.116 

.078 

.131 

Clay 

.293 

.560 

.598 

Exp.  Clay 

.532 

.515 

.010* 

Illite 

.000** 

.908 

.328 

K  +  C 

.000** 

.328 

.654 

X-ray  Cal. 

.774 

.039* 

.001** 

X-ray  Dol. 

.302 

.006** 

.003** 

Chid.  Cal. 

.649 

.210 

.056 

Chid.  Dol. 

.122 

.508 

.973 

Pyrite 

.010* 

.005** 

.080 

Table  4 — Canonical  discriminant  functions.  Starred  items  are 

the  three  canonical 

discriminant  functions  to  be  used  in 

the  remaining  analysis. 

Function 

%  Variance 

Cumulative  % 

Canon.  Correl. 

1* 

74.18 

74.18 

0.956722 

2* 

18.02 

92.21 

0.851013 

3* 

7.79 

100.00 

0.729195 

After  Func. 

Wilks’  Lambda 

Chi-Sq . 

D.F. 

Significance 

0 

0.010936 

121.92 

24 

0.0000 

1 

0.129139 

55.265 

14 

0.0000 

2 

0.468274 

20.485 

6 

0.0023 
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The  first  discriminant  function  alone  accounted  for  74.18  percent  of  the 
variance  with  a  canonical  correlation  of  .9567.  After  the  first  function  was  determined, 
Wilks’  lambda  was  .129  with  a  corresponding  x  (Chi)2  =  55.26,  with  a  =  .001.  The 
second  canonical  discriminant  function,  in  turn,  accounted  for  an  additional  18.02 
percent  of  the  variance  with  a  canonical  correlation  of  .85.  Thus,  the  cumulative 
variance  accounted  for  by  these  two  functions  was  92.21  percent. 

Based  on  discriminant  function  scores,  each  observation  was  allocated  a 
posteriori  to  one  of  the  four  groups.  Table  5  shows  the  classification  results.  Of  the 
thirty-four  individual  samples,  97.06  percent  had  been  correctly  classified  according 
to  the  a  priori  classification.  Only  one  sample  from  the  gray  till  above  silt  group  was 
classified  into  the  gray  till  below  silt  group  on  the  basis  of  that  sample’s  discriminant 
scores.  The  results  obtained  from  this  discriminant  analysis  are  further  re-enforced 
by  examining  the  distribution  of  individual  samples  plotted  by  group  in  Figure  6. 

The  application  of  discriminant  analysis  to  solve  geological  problems  is  relative¬ 
ly  new  and  it  has  been  most  commonly  used  in  sedimentologic  studies  of  clastic 
materials  (Flores  and  Shideler,  1982;  Kloven  and  Billings,  1967;  Davies  and 
Ethridge,  1975).  To  our  knowledge  this  technique  has  not  been  used  in  the  study  of 
till  problems  in  Illinois.  As  a  matter  of  checking  the  reliability  of  the  discriminant 
analysis  method,  we  tried  the  technique  on  known  and  better-defined  tills  already 
described  by  the  ISGS.  We  used  published  quantitative  lithologic  data  for  three 
Illinoian  tills,  the  Radnor,  Vandalia  and  Smithboro,  in  Vermilion  County.  The  data  is 
from  the  Higginsville,  Collison  Branch,  Emerald  Pond  and  Harmattan  sites  published 
by  Johnson,  et  al.  (1972,  p.  83-89).  The  discriminant  analysis  clearly  defined  the 
individual  tills  (Figure  7). 

Table  5 — Classification  results  of  step-wise  discriminant  analysis.  Groups:  1)  brown 
till;  2)  gray  till  above  silt;  3)  gray  till  below  silt;  4)  gray  till  along  Mackinaw 
River. 


Predicted  Group  Membership 


Group 

Cases 

1 

2 

3 

4 

1 

10 

10 

0 

0 

0 

100% 

0% 

0% 

0% 

2 

12 

0 

11 

1 

0 

0% 

91.7% 

8.3% 

0% 

3 

7 

0 

0 

7 

0 

0% 

0% 

100% 

0% 

4 

5 

0 

0 

0 

5 

0% 

0% 

0% 

100% 

DISCUSSION 

Five  individual  till  units  have  been  distinguished  in  the  field  along  approximately 
160  m  of  stream-cut  exposure  of  the  upper  part  of  the  Radnor  Till.  The  variation  in 
physical  and  compositional  characteristics  of  each  unit,  the  pinching  out  of  one  unit 
and  presence  of  a  lacustrine  silt  separating  two  of  the  units  indicate  that  the  Radnor 
Till  at  this  location  is  composed  of  a  series  of  relatively  thin,  individual  tills,  instead 
of  a  single  till.  Standard  compositional  data  were  obtained  from  37  samples  taken 
from  four  of  the  units.  The  fifth  unit  was  too  small  to  sample  adequately.  Quantita- 
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tive  lithologic  data,  subjected  to  ANOVA  tests,  show  significant  differences  when  all 
four  tills  are  compared.  However,  the  differences  are  less  apparent  when  only 
adjacent  tills  are  compared.  When  all  data  are  combined  into  a  discriminant  analysis 
and  the  results  displayed  graphically,  the  four  tills  plot  into  separate  clusters, 
supporting  the  distinctions  made  in  the  field.  It  is  clear  that  the  application  of 
discriminant  analysis  is  a  useful  tool  for  distinguishing  tills,  particularly  when  other 
types  of  data  plots  and  tests  prove  inconclusive.  The  discriminant  analysis  test 
shows  the  combined  effect  of  the  variations  in  all  of  the  types  of  data  and  is  most 
useful  when  there  are  subtle  variations  in  many  different  types  of  data  from  two  or 
more  till  units.  The  effectiveness  of  this  test  is  well-demonstrated  in  the  analyses  of 
the  gray  tills  above  and  below  the  silt,  for  which  two  triangular  plots  of  compositional 
data  each  show  two  overlapping  fields  of  widely-scattered  points  (solid  circles  and 
open  squares,  Figure  3)  and  for  which  the  ANOVA  test  does  now  show  significant 
differences  in  many  characteristics  in  a  direct  comparison  of  the  two  tills.  However, 
the  discriminant  analysis  clearly  distinguished  the  units. 

One  might  ask  to  what  extent  the  above  statistical  techniques  might  be 
applied.  These  techniques  have  not  been  widely  used  in  till  analysis  and  it  is  not 
known  what  all  the  applications  might  be.  It  is  certainly  not  our  intent  to  suggest 
defining  till  stratigraphy  on  the  basis  of  analytical  or  statistical  data,  as  we  realize 
that  the  fundamental  units  must  be  distinguishable  in  the  field.  Our  application 
here  was  to  support  field  work  within  a  localized  geographic  area  and  to  distin¬ 
guish  adjacent  tills  in  a  continuous  section.  We  do  not  know  to  what  lateral  extent, 
within  a  till  unit,  statistical  data  would  be  useful.  Using  paired  samples  Moore 
(1981,  p.  109)  concluded  that  compositional  variation  within  a  single  till  increases 
with  distance  between  sample  points.  Therefore,  statistical  differences  recognizable 
by  ANOVA  for  two  distant  populations  from  the  same  horizon  would  likewise 
increase,  suggesting  that  statistical  tests  would  not  be  useful  as  a  long-distance 
correlation  technique. 

Carbonate  analyses  of  Illinois  tills  have  been  reported  commonly  in  one  of  two 
ways,  either  as  a  weight-percent  (Lineback,  1979b)  or  as  X-ray  counts  per  second 
(Willman  and  Frye,  1970),  but  usually  not  in  both  ways.  Which  of  the  two  ways  is 
more  reliable  or  useful  has  not  been  agreed  upon  by  workers  in  the  field.  We  ran 
both  types  of  analyses  for  this  study  and  found  that  for  this  area,  plots  of  X-ray 
analyses  distinguished  the  separate  till  units  better  than  the  Chiddick  analyses  did. 
However,  in  the  step-wise  discriminant  analysis,  the  Chiddick-dolomite  was  the 
most  discriminating  single  variable.  We  also  compared  the  results  of  both  types  of 
analyses  in  this  study  and  found  no  correlation  between  the  two  methods,  with 
wide  ranges  of  counts  per  second  for  carbonate  contents  lying  within  relatively 
narrow  weight  percentage  limits.  This  is  not  what  one  would  expect  and  the  reasons 
for  these  results  are  not  clear.  This  suggests  that  either  there  was  a  consistent  error 
in  our  laboratory  procedure  for  the  chiddick  analyses  (which  we  doubt  is  this  case), 
or  one  of  the  two  methods  is  not  consistently  accurate  and  reliable.  A  larger-scale 
comparison  where  both  types  of  data  are  available  from  other  tills  might  solve  this 
problem. 

Many  till  studies  include  heavy  mineral  analyses  of  the  sand  fraction  of  the  till. 
Opaque  minerals  are  usually  lumped  together.  We  specifically  counted  the  pyrite 
grains  because  Moore  (1981)  showed  that  Wisconsinan  tills  deposited  from  Lake 
Michigan  lobes  contained  a  higher  pyrite  content  that  tills  deposited  from  Lake 
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Erie  lobes.  Assuming  the  same  would  hold  for  Illinoian  tills,  our  data  suggest  that 
the  gray  till  above  the  silt  is  a  Lake  Michigan  lobe  deposit.  By  comparison,  the 
other  three  tills  are  Lake  Erie  lobe  deposits.  Also,  early  in  this  project  we 
considered  the  possibility  that  the  brown  till  was  the  oxidized  top  of  the  underlying 
gray  till.  However,  the  presence  of  euhedral  pyrite  crystals  and  fresh,  sharp, 
angular  pyrite  fragments  show  that  this  brown  till  has  not  been  extensively  oxidized 
and  other  compositional  data  confirm  that  the  two  tills  are  indeed  different. 

If  is  quite  clear  from  this  outcrop  that  the  Radnor  Till  is  composed  of  more 
than  a  single  till.  There  is  no  reason  to  believe  that  this  outcrop  is  unique,  so  it 
seems  logical  to  suspect  that  the  Radnor  on  a  larger  scale  is  also  made  to  multiple 
tills.  Our  data  show  that  the  individual  till  units  are  sufficiently  different  to  suggest 
that  they  probably  represent  individual  ice  advances,  including  lobes  from  different 
source  areas.  Thus,  one  must  conclude  that,  whereas  the  Radnor  is  used  as  a  single 
map  unit,  its  depositional  history  is  much  more  complex  than  the  concept  of  one  till 
deposited  by  one  simple  ice  advance.  This  is  further  emphasized  by  the  develop¬ 
ment  of  a  lake  (or  swamp),  with  associated  trees,  between  two  of  the  advances. 
Although  the  lacustrine  silt  could  be  a  very  local  occurrence,  a  similar  organic  silt 
occurs  within  the  Radnor  Till  at  the  Lake  Bloomington  spillway  (ISGS,  1972,  p.  16) 
and  was  encountered  in  the  Radnor  in  water-well  boreholes  for  the  City  of  Normal 
(SW/4,  Sec.  32,  T24N,  R1E),  at  Kappa  (SW/4,  Sec.  28,  T26N,  R2E),  for  the  City  of 
Bloomington  (NW/4,  Sec.  12,  T25N,  R2E),  and  in  two  private  wells  (Ctr. ,  Sec.  35, 
T24N,  R1E  and  NW/4,  Sec.  29,  T25N,  R3E),  according  to  well-logs  from  well  files 
at  the  ISGS.  In  addition,  a  large  exposure  of  till  along  the  Panther  Creek  tributary 
to  the  Mackinaw  River  (SW/4,  Sec.  17,  T26N,  R1E),  contains  a  section  of  Vandalia 
Till  (?)  with  overlying  Radnor  Till  and  Tiskilaw  Till  (Wisconsinan).  An  organic-rich 
silt  zone  with  small  gastropods  occurs  at  the  same  stratigraphic  level  here  as  at  our 
study  area.  We  suggest  that  the  silt  horizons  at  all  of  these  locations  are  correlative 
and  that  deposition  occurred  in  an  extensive  lake  or  swamp  or  in  numerous, 
contemporaneous  ice-marginal  swamps  or  shallow  lakes.  The  maximum  distance 
between  all  of  these  sites  is  23  km  north-south  and  29  km  east-west. 

If  the  Radnor,  or  any  other  till,  as  a  map  unit  is  actually  made  of  multiple  till 
units,  each  having  different  compositional  characteristics,  then  some  fundamental 
problems  arise  in  trying  to  identify  the  till  by  using  sand-silt-clay,  clay  composition 
and  carbonate  content  signatures.  No  one  set  of  figures  can  be  said  to  be 
characteristic  of  the  formation  and  a  mean  signature  derived  from  the  same 
formation  at  diverse  sample  sites  may  actually  be  a  meaningless  composite  from 
many  different  tills,  perhaps  even  representing  different  ice-lobe  sources.  Such 
signatures  are  commonly  used  to  identify  tills  in  Illinois.  Our  findings  suggest  that 
sampling  should  be  done  in  such  a  manner  as  to  avoid  sampling  thin,  multiple  tills 
in  the  name  of  a  single  till. 


CONCLUSIONS 

The  Radnor  Till  (Illinoian)  is  not  a  simple  till  marking  a  single  ice  advance. 
Instead,  it  is  composed  of  multiple,  thin  till  units,  each  representing  an  individual 
ice  advance.  Variation  in  pyrite  content  suggests  that  both  Lake  Erie  and  Lake 
Michigan  lobes  were  involved.  A  lacustrine  silt  containing  abundant  wood  frag¬ 
ments  and  gastropods,  within  the  Radnor  Till,  indicates  a  relatively  extensive  glacial 
retreat  that  separates  a  pre-silt  Lake  Erie  lobe  till  from  a  post-silt  Lake  Michigan 
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lobe  till.  This  perspective  greatly  complicates  any  effort  to  interpret  the  Illinoian 
glacial  geochronology  based  on  mapped  tills  as  currently  defined.  The  glacial 
history  is  more  complicated  than  previous  investigations  have  shown. 

Each  of  the  till  units  has  a  unique  composition  in  terms  of  sand-silt-clay  ratios, 
clay  and  carbonate  compositions  and  pyrite  content.  Whereas  graphical  plots  of 
some  of  the  compositional  data  may  show  overlapping  fields  and  even  analyses  of 
variance  do  not  indicate  significant  differences  between  adjacent  tills,  the  overall 
uniqueness  of  each  till  unit  is  emphasized  through  the  use  of  a  step-wise  discrimi¬ 
nant  analysis  of  the  data.  This  statistical  test  combined  all  of  the  differences  in  till 
characteristics  and  proved  useful  in  supporting  the  individuality  of  till  units 
distinguished  in  the  field. 

It  is  common  to  see  in  the  literature  compositional  means  and  standard 
deviations  that  are  used  as  signatures  in  identifying  tills.  The  presence  of  multiple 
till  units  within  a  formation  or  a  member,  such  as  the  Radnor  Till  Member,  may 
greatly  reduce  the  significance  of  these  means  if  the  samples  are  derived  from 
diverse  outcrops,  hence,  possibly  from  different  till  units. 
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Figure  1 — Location  map  of  Radnor  Till  outcrops  of  this  study. 
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Figure  2 — Diagrammatic  cross-section  of  the  Radnor  Till  exposure. 
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Figure  4 — Chiddick  analyses  of  weight-percent  calcite  and  dolomite  in  the  Radnor  Till  samples. 
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Statistical  Confirmation  of  Till  Units 
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Figure  5- — Comparison  of  weight-percent  and  X-ray  counts  for  carbonate  content. 
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Figure  6 — Discriminant  analysis  of  Radnor  Till  data. 
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ABSTRACT 

The  climate  of  Illinois  for  the  10-year  period  of  1971  through  1980  is  investigat¬ 
ed  for  departures  from  longer-term  means  of  temperature,  precipitation,  snowfall 
and  growing  season.  Ten-year  (1971-1980)  averages  for  these  climatic  parameters  are 
computed  for  the  nine  state  climatic  divisions  and  six  stations  with  long-term 
climate  data.  Trends  in  the  climatic  parameters  studied  are  identified  by  analyzing 
the  departures  of  the  10-year  period  from  the  long-term  means.  The  125-year 
period  of  recorded  climate  data  at  Peoria,  Illinois  is  studied  to  gain  insight  into 
longer  climate  fluctuations.  The  departures  from  30-year  and  long-term  climate  data 
exhibited  by  the  climate  of  the  1970s  show  that  Illinois  has  moved  into  a  cooler  and 
wetter  climatic  regime.  The  consequences  and  impacts  of  a  continuation  of  this 
cooler  and  wetter  climate  are  examined. 


INTRODUCTION 

During  the  1970s  the  State  of  Illinois  experienced  some  of  its  most  damaging 
and  costly  weather  extremes  on  record.  The  period  between  1971  and  1980  is 
deserving  of  further  climatic  study  because  occurrences  of  extreme  weather  during 
that  period  may  signal  the  beginning  of  a  shift  in  climatic  regimes.  Climatologists 
often  use  records  of  the  past  to  help  determine  what  type  of  climate  can  be 
expected  in  the  future,  an  example  being  a  study  of  an  apparent  10-year  climate 
shift  done  by  H.  H.  Lamb  (1966). 

A  brief  review  of  some  weather  events  of  the  1970s  help  to  set  the  stage.  Diaz 
and  Quayle  (1980)  studied  three  successive  severe  winters  in  the  United  States 
beginning  with  the  1976-1977  season,  an  event  which  has  no  parallel  in  the  modern 
historical  record.  Even  before  these  cold  and  snowy  winters,  it  was  perceived  that 
the  climate  was  abnormally  fluctuating.  The  1972-1975  period  was  the  wettest  four 
consecutive  years  on  record  in  Urbana  (Changnon,  1976),  and  was  much  above 
normal  in  precipitation  in  must  of  the  State.  Annual  rainfall  totals  generally  were  in 
excess  of  normal,  except  for  mild  droughts  occurring  in  1976-1977  and  1980-1981. 
With  the  exception  of  1980,  generally  cool  and  wet  summers  prevailed.  Snowfall 
was  well  above  normal,  with  the  exception  of  the  mild  winters  of  1970-1971  and 
1972-1973.  Temperatures  generally  averaged  below  normal,  especially  in  January 
when  departures  from  normal  were  greatest,  and  the  economic  losses  were  most 
severe. 
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METHODS  OF  ANALYSIS 

Ten-year  means  of  temperature,  precipitation,  snowfall  and  length  of  growing 
season  were  computed  from  1971  through  1980.  These  means  were  computed  for 
each  Illinois  crop  district  and  for  six  stations  with  long-term  climate  data  (St.  Louis, 
Cairo,  Chicago,  Urbana,  Peoria,  and  Springfield).  The  normals  chosen  for  the  9 
crop  districts  were  the  30-year  (1941-1970)  means,  whereas  those  normals  for  the 
six  stations  were  computed  by  averaging  data  from  the  beginning  of  their  record 
through  1970.  Snowfall  normals  at  10  NWS  stations  were  computed  from  1940-1941 
through  the  1969-1970  snowfall  season.  Normal  growing  seasons  studied  for  25 
Illinois  stations  were  based  on  data  from  1931  through  1960. 

Monthly  and  annual  departures  of  the  10-year  (1971-1980)  average  temperature 
and  precipitation  from  the  30-year  means  were  computed  for  each  crop-district. 
Monthly  and  seasonal  departures  from  normal  snowfall  were  examined  for  those 
selected  10  NWS  stations  with  30-year  normals.  The  difference  in  length  of  growing 
season  between  30-year  (1931-1960)  normal  and  the  1971-1980  mean  was  computed 
for  each  of  25  NWS  stations.  Temperature  and  precipitation  data  were  then 
examined  for  the  six  stations  chosen  (St.  Louis,  Cairo,  Chicago,  Urbana,  Peoria,  and 
Springfield).  Monthly  and  annual  departures  of  temperature  and  precipitation  from 
normal  were  computed  for  these  stations. 

Peoria’s  125-year  period  of  record  is  the  longest  unbroken  climatic  record  in 
Illinois.  Ten-year  moving  averages  of  January  and  July  temperature  were  computed 
for  the  entire  period  of  record.  A  5-year  moving  average  was  computed  for  June 
through  August  precipitation  totals,  and  annual  amounts  were  plotted  along  with 
the  smoothed  5-year  averages.  These  moving  averages  over  the  length  of  record 
were  studied  either  to  find  similar  climate  variations  in  the  past,  or  to  illustrate  the 
uniqueness  of  the  climate  of  the  1970s. 

PRECIPITATION  TRENDS 

Statewide  precipitation  during  the  1970s  shows  above  normal  departures  from 
the  1941-1970  mean  in  March,  August,  and  December  (Table  1).  Departures  below 
the  1941-1970  mean  occur  at  nearly  all  crop-reporting  districts  for  January  and 
October  (Table  2).  July  precipitation  amounts  play  a  large  role  in  determining  the 
yield  of  the  large  cash  grain  crops  grown  in  Illinois.  The  10  year  (1971-1980)  July 
means  proved  to  be  well  above  normal  for  the  eastern  and  east-southeastern 
districts  and  below  normal  in  the  western  and  northwestern  crop  districts  (Table  1). 
The  greatest  average  positive  precipitation  departure  from  the  30-year  normal 
occurred  in  March  and  the  greatest  negative  departure  occurred  in  January  (Table 
1).  The  1971-1980  average  annual  precipitation  for  Illinois  was  slightly  greater  than 
the  30-year  total  annual  precipitation,  with  the  greatest  positive  departures  of 
precipitation  in  the  northern  and  eastern  sections  of  Illinois  (Table  1  and  Figure  1). 

Of  the  six  stations  chosen  with  long  term  climate  data,  St.  Louis  and  Springfield 
had  the  greatest  negative  1971-1980  precipitation  departure  with  Cairo  showing  the 
largest  positive  departure  (Table  3).  Monthly  precipitation  departures  at  these 
stations  show  that  the  July  departure  of  1.83  inches  at  Urbana  was  the  greatest 
above  normal  departure  and  the  June  departure  of  1.49  inches  at  St.  Louis  was  the 
greatest  monthly  negative  departure  (Table  3).  The  monthly  departures  of  precipita¬ 
tion  for  all  stations  were  above  normal  in  March  and  December,  and  at  or  below 
normal  for  every  station  in  January.  The  below  normal  total  annual  departures  in 
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Springfield  and  St.  Louis  further  illustrate  a  trend  towards  slightly  below  average 
precipitation  in  southwestern  Illinois  as  compared  to  the  above  average  10-year 
(1971-1980)  trend  in  the  rest  of  Illinois  (Figure  1).  The  below  average  decadal  values 
in  southwestern  Illinois  can  be  attributed  to  the  fact  that  both  the  1976-1977  and 
1980-1981  droughts  were  centered  in  that  area. 

TEMPERATURE  TRENDS 

Analysis  of  monthly  mean  temperature  data  shows  the  January  10-year  (1971-1980) 
monthly  averages  at  each  crop  district  to  be  well  below  the  30-year  normal  (Table 
4).  March  was  the  only  month  found  to  have  temperature  departures  above  the  30 
year  normal  in  each  crop  district.  The  west-southwest  district  had  the  largest 
monthly  below  normal  departure  in  January,  whereas  the  largest  monthly  above 
normal  departure  occurred  in  March  at  the  northwest  district  (Table  5).  The  annual 
average  for  all  9  crop  reporting  districts  show  the  10-year  (1971-1980)  averages  to  be 
below  the  30-year  mean  (Figure  1).  The  areal  pattern  of  change  that  appears  to  have 
occurred,  when  viewed  in  conjunction  with  the  precipitation  data,  is  that  of  cooler 
and  slightly  drier  in  the  southwestern  part  of  Illinois  and  cooler  and  wetter  in  the 
northern  and  eastern  sections  of  Illinois. 

The  1971-1980  temperature  data  at  the  six  selected  stations  revealed  that  four 
of  the  six  stations  experienced  below  normal  annual  average  temperature.  St.  Louis 
had  the  largest  below  normal  annual  departure,  and  Cairo  the  greatest  above 
normal  departure  (Table  6).  The  largest  monthly  below  normal  departure  of  the  10- 
year  average  from  the  30-year  normal  occurred  at  St.  Louis  in  January,  and  the 
largest  above  normal  departure  occurred  at  Chicago  in  May  (Table  6).  The  tempera¬ 
ture  departures  found  at  the  six  stations  are  consistent  with  the  departures  found  at 
the  crop-districts  which  indicated  larger  negative  departures  in  the  southwest.  The 
apparent  geographical  distribution  of  colder  temperature  departures  in  the  west- 
southwest  and  southwestern  crop  districts  is  shown  by  St.  Louis  and  Peoria  having 
the  largest  annual  below  normal  temperature  departures.  March  departures  from 
the  30-year  normals  were  at  or  above  normal  at  all  stations  except  at  Peoria. 

SNOWFALL  TRENDS 

Increased  snowfall  during  the  1970s  in  Illinois  has  been  one  of  the  more 
apparent  changes  in  climate.  All  of  the  10  stations  studied  showed  heavier  total 
snowfall  than  during  the  prior  30  years  (1941-1970),  as  shown  in  Table  7.  The 
positive  departures  ranged  from  13%  at  Cairo  to  61%  at  St.  Louis,  with  most  stations 
showing  increases  of  30  to  40%. 

The  greatest  monthly  increase  in  snowfall  occurred  at  Chicago  Midway  in 
January,  and  the  greatest  decrease  occurred  at  Dubuque  in  March  (Table  8). 
January  snowfall  showed  the  largest  increase  at  most  stations,  with  only  Rockford 
showing  a  small  decrease  in  snowfall  for  that  month.  March  appeared  to  be  the  only 
month  of  the  snow  season  that  showed  a  slight  decrease  from  the  30-year  mean. 

GROWING  SEASON  TRENDS 

The  growing  season  is  defined  as  the  number  of  days  between  the  last 
occurrence  of  32°F  (0°C)  in  the  spring  and  the  first  occurrence  of  32°F  (0°C)  in  the 
fall.  Thirteen  of  the  twenty-five  stations  studied  showed  a  decrease  in  length  of 
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growing  season,  2  showed  no  change,  and  10  showed  an  increase  over  the  30-year 
(1931-1960)  mean  (Table  9).  Although  care  was  taken  in  selecting  sites  that  have 
essentially  unchanged  locales,  it  must  be  noted  that  a  change  in  only  a  few  miles,  or 
growth  of  the  surrounding  urban  area,  can  result  in  substantial  differences  in 
recording  the  first  or  last  day  of  32°F  (0°C). 

The  1971-1980  growing  season  average  of  all  25  stations  is  slightly  greater  than 
2  days  shorter  than  the  1931-1960  normal.  The  largest  negative  departure  was  at 
Chicago  Midway  (13  days  shorter  than  normal),  and  the  largest  positive  departure 
was  at  Cairo  (9  days  longer  than  the  30-year  normal).  The  northern  and  southern 
third  of  Illinois  experienced  a  slightly  shorter  growing  season  during  the  1970s 
while  the  central  part  of  Illinois  has  experienced  a  slightly  longer  growing  season 
(Figure  1).  The  1971-1980  length  of  growing  season  averages  give  little  indication  of 
any  significant  shift  or  trend.  The  trend  toward  colder  October  s,  however,  indicates 
a  slightly  greater  risk  of  an  early  freeze.  The  season  appears  to  be  shifting  toward 
earlier  in  the  year  since  the  10-year  (1971-1980)  March  average  temperatures  are 
warmer  indicating  a  reduced  risk  of  a  late  spring  freeze. 

LONG-TERM  TRENDS  AT  PEORIA 

Peoria’s  long-term  temperature  data  exhibits  the  same  long-term  trends  of 
many  stations  in  the  northern  hemisphere  (Mitchell,  1961).  Due  to  the  spatial 
variability  of  summertime  precipitation,  Peoria’s  long-term  summer  precipitation 
totals  can  only  roughly  estimate  north  central  Illinois  summer  precipitation  data. 
Ten-year  moving  averages  of  January  temperature,  beginning  with  the  1856  through 
1865  average,  indicate  that  the  current  sharp  decline  that  began  with  the  1952-1961 
temperature  average  has  no  precedent  in  Illinois  recorded  climate  history  (Figure 
2).  The  most  recent  decline  in  July  temperature  is  similar  to  a  decline  that  began  in 
the  late  1890’s  (Figure  3).  The  latest  decline  may  have  ended  since  the  July  10-year 
moving  average  is  currently  showing  an  increase  in  average  temperature. 

The  5-year  moving  averages  of  Peoria  summer  precipitation  indicate  an  in¬ 
crease  in  the  most  recent  (1977-1981)  5-year  mean  similar  to  other  increases  found 
in  the  Peoria  record  (Figure  4).  The  current  “peaE  follows  closely  a  peak  in  the 
5-year  moving  averages  that  occurred  in  the  mid  1970s.  The  more  recent  annual  3 
month  totals  do  not  show  the  extremely  low  amounts  of  precipitation  experienced  in 
some  years  prior  to  1940.  The  absence  of  extremely  low  summer  precipitation 
amounts  after  1940  is  also  illustrated  in  the  5-year  average  showing  no  sharp 
declines  comparable  to  those  prior  to  1940. 

IMPACTS  OF  RECENT  CLIMATE  FLUCTUATIONS 

Can  we  say  that  the  climatic  fluctuation  of  the  1970s  were  temporary  in  nature? 
There  are  no  physical-dynamic  methods  to  predict  weather  one  year  in  advance, 
therefore  past  weather  records  may  be  used  as  predictors  for  the  next  year.  Lamb 
and  Changnon  (1981)  have  concluded  that  the  average  of  the  conditions  in  the 
previous  5  years  is  the  best  predictor  of  the  next  year’s  temperature  and  precipita¬ 
tion  in  Illinois.  By  anticipating  a  continuation  of  the  trends  identified  in  the 
previous  years  weather,  we  can  be  more  prepared  to  deal  with  their  effects. 

The  relationship  between  climate  and  crop  production  is  well  documented, 
and  is  crucial  to  the  Illinois  economy.  The  recent  near  or  above  average  rainfall  in 
July  and  August  in  Illinois  bodes  well  for  continued  high  yields  of  the  major  cash 
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grain  crops.  There  was  no  significant  departure  of  temperature  from  the  30-year 
normal  during  the  growing  season.  Although  a  slight  downward  departure  from  the 
1931-1960  normal  in  growing  season  was  indicated,  no  significant  trend  was  noted. 
The  trend  toward  colder  October  s  indicates  a  slight  risk  of  early  frost  damage,  but  a 
warmer  March  signals  a  slightly  less  chance  of  frost  damage  to  crops  in  early  spring. 

The  climate  of  the  1970s  has  had  a  profound  effect  on  the  amount  of  resources 
needed  by  utility  companies  to  provide  service.  The  downward  trend  in  January 
and  February  mean  temperatures  combined  with  the  higher  costs  of  fossil  fuels 
incurred  in  the  1970s,  has  drastically  increased  the  amount  of  money  spent  by 
businesses  and  residences  on  energy.  The  continuation  of  the  trend  toward  colder 
winters  makes  the  search  for  alternate  energy  sources  economically  appealing.  The 
possibility  of  the  exploitation  of  wind  and  solar  power  has  been  investigated  by 
Wendland  (1981)  and  Hendrie  (1981)  as  part  of  a  research  program  conducted  by 
the  Illinois  State  Water  Survey. 

The  large  increases  in  snowfall  experienced  at  most  stations  in  Illinois  during 
the  1970s,  has  presented  local  and  state  governments  charged  with  snow  removal 
and  road  repair  with  another  financial  burden.  A  continuation  of  the  trend  toward 
heavier  snowfalls  would  mean  that  budgets  for  road-salt  and  snow  removal  must  be 
increased.  When  the  possibilities  of  large  snowfalls  are  ignored,  communities  are 
faced  with  looking  for  snow  removal  funds  from  other  sources  since  they  find 
themselves  over-budget  before  the  snowfall  season  is  over.  The  combination  of 
extended  periods  of  sub-freezing  weather  and  heavier  than  normal  snowfalls  has 
also  increased  road  repair  costs.  This  is  another  financial  burden  that  state  and  local 
governments  must  expect  to  remain  high  if  the  trend  toward  colder  and  snowier 
winters  continue. 

The  climate  of  the  1970s  gives  a  strong  indication  of  greater  flood  risk  along 
Illinois  rivers.  The  two  factors  that  have  enhanced  the  flood  risk  are  the  trends 
toward  increased  snowfall  and  a  warmer  and  wetter  March.  March  flooding  due  to 
the  melting  of  the  snow  pack  in  Illinois  and  areas  upstream  from  the  state  is  a 
near-annual  occurrence.  Flood  severity  is  determined  by  the  amount  of  the  snow 
pack,  thickness  of  river  ice,  rate  of  melting  of  both  the  snow  pack  and  river  ice,  and 
precipitation  accompanying  the  melting.  The  colder  and  snowier  trend  of  recent 
winters  has  increased  snow  pack  and  the  thickness  of  river  ice.  The  trend  toward  a 
warmer  and  wetter  March  can  have  the  effect  of  melting  this  snow  pack  rapidly  in 
conjunction  with  increased  precipitation  during  the  melt.  During  the  1970s  flooding 
became  a  more  severe  problem.  The  March  floods  of  1979  set  records  at  many 
locations  in  Illinois,  and  some  localized  severe  flooding  was  experienced  again  in 
1981.  Flood  prone  communities  should  take  steps  to  deal  with  annual  flooding 
problems  that  recent  climate  history  indicate  may  remain  severe. 

SUMMARY 

This  paper  has  documented  some  of  the  changes  in  climate  that  occurred  in 
Illinois  during  the  period  of  1971  through  1980.  It  is  possible  that  these  changes 
may  persist  into  the  1980s.  For  example,  the  severe  winter  of  1981-1982  paralleled 
in  many  ways  the  severe  winters  of  the  1970s,  and  the  cool-wet  summers  of  1981 
and  1982  were  similar  to  the  conditions  in  the  1971-1980  period. 

The  above  trends  suggest  that  industries  and  communities  most  effected  by  the 
recent  weather  changes  should  be  prepared  for  these  changes  to  persist  into  the 
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1980s.  Knowledge  of  shifts  and  developing  trends  in  climate  is  needed  to  help 
mitigate  climate  related  problems  (Changnon  and  Semonin,  1982).  The  climate  of 
the  1970s  has  increased  public  awareness  that  these  problems  exist  and  need  to  be 
addressed. 
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TABLE  1.  Illinois  Monthly  Average  Precipitation 

10  YEAR  AND  30  YEAR  MEANS  (INCHES) 

1971-1980 

1941-1970 

(DEP) 

Jan 

1.88 

2.18 

(-0.30) 

Feb 

1.82 

1.98 

( -  0. 16) 

Mar 

3.94 

3.12 

(  +  0.82) 

Apr 

3.80 

3.99 

(-0.19) 

May 

3.94 

4.16 

(-0.22) 

Jun 

3.96 

4.38 

(-0.42) 

Jul 

3.87 

3.84 

(  +  0.03) 

Aug 

4.11 

3.69 

(  +  0.42) 

Sep 

3.33 

3.37 

(-0.04) 

Oct 

2.51 

2.80 

(-0.29) 

Nov 

2.75 

2.58 

(  +  0.17) 

Dec 

2.86 

2.30 

(  +  0.56) 

ILLINOIS  AVERAGE  TOTAL  ANNUAL  PRECIPITATION 

1971-1980 

1941-1970 

38.77 

38.39 

(  +  0.38) 

JULY  CROP-DISTRICT  PRECIPITATION 

10  YEAR  AND  30  YEAR  MEANS  (INCHES) 

1971-1980 

1941-1970 

(DEP) 

NW 

3.56 

4.13 

(-0.57) 

NE 

3.66 

3.84 

(-0.18) 

W 

3.49 

4.09 

(-0.60) 

C 

3.93 

3.67 

(  +  0.26) 

E 

4.29 

4.01 

(  +  0.28) 

WSW 

3.38 

3.77 

(-0.39) 

ESE 

4.62 

3.69 

(  +  0.93) 

SW 

3.92 

3.58 

(  +  0.34) 

SE 

4.00 

3.83 

+  0.17 
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TABLE 

2. 

Monthly  Crop  District  Precipitation  Departui 
Averages  From  30  Yr  (1941-1970)  Means  (In) 

res  of  10  Yr  (1971-1980) 

Northwest 

Northeast 

West 

Central 

Departure 

Departure 

Departure 

Departure 

Jan 

-0.13 

-0.10 

-0.25 

-0.28 

Feb 

+  0.06 

-0.10 

0.00 

-0.11 

March 

+  0.55 

+  0.46 

+  0.77 

+  0.86 

April 

+  0.25 

+  0.24 

-0.26 

-0.77 

May 

+  0.30 

+  0.24 

+  0.26 

-0.03 

June 

+  0.05 

+  0.26 

-1.17 

-0.22 

July 

-0.57 

-0.18 

-0.60 

+  0.26 

Aug 

+  1.08 

+  1.56 

+  0.53 

+  0.64 

Sep 

-0.38 

+  0.36 

+  0.19 

-0.10 

Oct 

-0.31 

-0.32 

-0.06 

-0.15 

Nov 

0.00 

-0.05 

+  0.46 

+  0.53 

Dec 

+  0.58 

+  0.80 

+  0.58 

+  0.52 

East 

West-Southwest  East-Southeast 

Southwest 

Southeast 

Departure 

Departure 

Departure 

Departure 

Departure 

Jan 

-0.13 

0.00 

-0.52 

-0.71 

0.67 

Feb 

-0.15 

0.07 

-0.19 

-0.50 

-0.36 

March 

+  0.95 

+  1.37 

+  0.96 

+  0.85 

+  0.72 

April 

-0.78 

-0.44 

-0.44 

-0.17 

+  0.28 

May 

-0.55 

-0.24 

-0.55 

-0.89 

-0.69 

June 

+  0.48 

-0.84 

-0.47 

-1.11 

-0.74 

July 

+  0.28 

-0.40 

+  0.93 

+  0.34 

-0.06 

Aug 

+  1.62 

+  0.14 

+  0.88 

+  0.57 

+  0.76 

Sep 

+  0.49 

-0.14 

-0.13 

-0.66 

-0.07 

Oct 

-0.54 

-0.47 

-0.21 

-0.42 

-0.13 

Nov 

+  0.02 

+  0.06 

-0.11 

+  0.51 

-0.76 

Dec 

+  0.72 

+  0.72 

+  0.50 

+  0.30 

+  0.25 

TABLE 

3. 

Monthly  And  Annual  Station  Precipitation  Departures  of  10  Yr  (1971- 

1980)  Averages  From  30  Yr  (1941-1970)  Mean  (In) 

St.  Louis 

Cairo 

Chicago 

Jan 

-0.28 

-0.99 

-0.0 

Feb 

-0.29 

-0.28 

-0.29 

March 

+  0.80 

+  0.94 

+  0.68 

April 

-0.58 

+  0.40 

+  1.07 

May 

-0.87 

+  0.16 

-0.41 

June 

-1.49 

+  0.03 

+  0.36 

July 

-0.12 

+  1.48 

+  0.12 

Aug 

-0.56 

+  1.73 

+  1.33 

Sep 

-0.29 

-0.12 

+  0.50 

Oct 

-0.72 

-0.01 

-0.52 

Nov 

+  0.11 

+  0.73 

-0.32 

Dec 

+  0.15 

+  0.76 

+  1.31 
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(ANN) 

30  YR 

10  YR 

(DEP)  30  YR 

10  YR 

(DEP) 

30  YR 

10  YR  (DEP) 

38.73 

34.59 

(-4.14)  43.09 

48.10 

(  +  5.01 

33.22 

37.38  (  +  4.16) 

Urbana 

Peoria 

Springfield 

Jan 

-0.31 

-0.36 

-0.38 

Feb 

4-0.02 

-0.12 

-0.15 

March 

4-0.91 

4-0.48 

+  1.53 

April 

-0.62 

4-0.01 

-0.45 

May 

-0.27 

4-0.11 

-0.34 

June 

-0.08 

+  0.85 

-0.62 

July 

4-1.83 

+  0.03 

-0.41 

Aug 

4-1.75 

+  0.09 

+  0.78 

Sep 

4-0.40 

-0.28 

-0.34 

Oct 

-0.33 

+  0.30 

-1.03 

Nov 

-0.01 

-0.17 

-0.49 

Dec 

4-  0.90 

+  0.67 

+  0.54 

(ANN) 

30  YR 

10  YR 

(DEP)  30  YR 

10  YR 

(DEP) 

30  YR 

10  YR  (DEP) 

35.88 

40.07 

(  +  4.19)  34.90 

36.25 

(+1.35) 

35.47 

34.11  (-1.36) 

TABLE  4.  Illinois  Monthly  Average  Temperature 
10  YEAR  AND  30  YEAR  MEANS  (°F) 


1971-1980 

1941-1970 

(DEP) 

Jan 

23.0 

27.5 

(-4.5) 

Feb 

28.3 

31.1 

(-2.8) 

Mar 

41.3 

40.2 

(+1.1) 

Apr 

53.0 

53.5 

(-0.5) 

May 

62.7 

63.3 

(-0.6) 

Jun 

72.1 

72.6 

(-0.5) 

Jul 

75.9 

75.9 

(  0.0) 

Aug 

73.7 

74.2 

(-0.5) 

Sep 

67.0 

67.1 

(-0.1) 

Oct 

55.0 

56.7 

(-1.7) 

Nov 

42.1 

42.4 

(-0.3) 

Dec 

30.8 

31.0 

(-0.2) 

ILLINOIS  AVERAGE  ANNUAL  TEMPERATURE 

1971-1980 

1941-1970 

(-0.9) 

52.1 


53.0 
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JANUARY  CROP-DISTRICT  TEMPERATURE 
10  YEAR  AND  30  YEAR  MEANS  (°F) 


1971-1980 

1941-1970 

DEP 

NW 

17.2 

21.7 

(-4.5) 

NE 

19.1 

23.3 

(-4.2) 

W 

21.1 

25.3 

(-4.2) 

C 

21.1 

25.7 

(-4.6) 

E 

21.3 

26.0 

(-4.7) 

WSW 

23.9 

28.8 

(-4.9) 

ESE 

25.1 

29.7 

(-4.6) 

SW 

28.5 

33.3 

(-4.8) 

SE 

29.3 

33.5 

(-4.2) 

TABLE 

5.  Monthly  Crop  District  Temperature  Departures  of  10  Yr  (1971-1980) 

Averages  From  30  Yr  (1941-1970)  Means  (°F) 

Northwest 

Northeast 

West 

Central 

Departure 

Departure 

Departure 

Departure 

Jan 

-4.5 

-4.2 

-4.2 

-4.6 

Feb 

-1.7 

-2.4 

-2.7 

-2.8 

March 

+  1.5 

+  0.5 

+  1.3 

+  1.3 

April 

+  0.7 

-0.9 

0.0 

-0.3 

May 

+  0.2 

-0.1 

-0.1 

-1.6 

June 

-0.1 

-0.5 

-0.3 

-0.4 

July 

-0.6 

-0.1 

+  0.2 

-0.1 

Aug 

-1.0 

-0.8 

-0.9 

-0.7 

Sep 

-0.2 

-0.2 

0.0 

+  0.2 

Oct 

-2.1 

-1.9 

-1.8 

-1.6 

Nov 

-0.6 

-0.1 

-0.3 

-0.1 

Dec 

-1.1 

-0.6 

-0.6 

-0.1 

East 

West-Southwest  East-Southeast 

Southwest  Southeast 

Departure 

Departure 

Departure 

Departure  Departure 

Jan 

-4.7 

-4.9 

-4.6 

-4.8 

-4.2 

Feb 

-3.0 

-3.5 

-3.3 

-3.6 

-2.7 

March 

+  1.1 

+  1.0 

+  1.3 

+  1.0 

+  1.3 

April 

-0.5 

-0.5 

-0.5 

-1.1 

-1.0 

May 

+  9.2 

-0.8 

-0.6 

-1.3 

-1.2 

June 

+  0.4 

-1.0 

-0.9 

-1.0 

-1.0 

July 

-0.2 

-0.2 

-0.2 

+  0.1 

0.0 

Aug 

-0.3 

-1.0 

-0.5 

-0.7 

-0.6 

Sep 

+  0.2 

-0.4 

0.0 

-0.4 

-0.1 

Oct 

-1.7 

-1.8 

-1.6 

-1.8 

-1.6 

Nov 

+  0.1 

-1.9 

+  0.2 

-0.4 

+  0.4 

Dec 

0.0 

-0.4 

+  0.5 

+  0.5 

+  0.2 
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TABLE  6.  Monthly  and  Annual  Station  Temperature  Departures  of  10  Yr  (1971- 


1980)  Averages  From  30  Yr  (1941-1970)  Mean  (°F) 


St.  Louis 

Cairo 

Chicago 

Jan 

-5.5 

-3.2 

-4.0 

Feb 

-2.7 

-9.9 

-1.3 

March 

-0.1 

+  1.4 

+  1.5 

April 

-0.3 

+  1.2 

+  0.8 

May 

-1.0 

+  0.8 

+  1.7 

June 

-0.7 

+  1.6 

+  1.5 

July 

-0.6 

+  0.5 

+  1.4 

Aug 

-0.7 

+  0.3 

+  1.2 

Sep 

-1.1 

+  0.5 

+  0.2 

Oct 

-1.8 

+  0.3 

-0.8 

Nov 

-1.1 

+  0.9 

+  0.4 

Dec 

-1.7 

+  0.5 

-0.5 

(ANN) 

30  Yr 

10  Yr 

(DEP)  30  Yr 

10  Yr 

(DEP) 

30  Yr 

10Yr  (DEP) 

56.4 

55.0 

00 

EO 

TT 

i — H 

1 

58.9 

(  +  0.5) 

49.5 

49.9  +0.4 

Urbana 

Peoria 

Springfield 

Jan 

-4.1 

-5.0 

-4.7 

Feb 

-1.4 

-2.9 

-2.5 

March 

+  1.0 

-0.7 

+  0.6 

April 

+  0.5 

+  0.4 

+  0.4 

May 

—0.9 

-0.4 

-0.1 

June 

+  0.1 

-0.6 

+  0.2 

July 

+  0.4 

-0.7 

-0.6 

Aug 

-0.6 

-0.5 

-0.7 

Sep 

-0.3 

-0.2 

-0.3 

Oct 

-1.0 

-0.2 

-0.9 

Nov 

+  0.5 

-0.1 

0.0 

Dec 

-0.1 

-1.1 

-0.8 

(ANN) 

30  Yr 

10  Yr 

(DEP)  30  Yr 

10  Yr 

(DEP) 

30  Yr 

10  Yr  (DEP) 

51.7 

51.4 

-0.3 

50.9  50.0 

-0.9 

53.2 

52.4 

-0.8 
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TABLE  7.  Seasonal  Snowfall 


30  YR  (1940-41  -  1969-70) 

10  YR  (1970-71  -  1979-80) 

(IN) 

Rockford  Chicago 


30  YR 

10  YR 

(DEP) 

30  YR 

10  YR 

(DEP) 

34.5 

41.1 

(  +  6.6) 

39.5 

54.0 

(+14.5) 

Moline 
30  YR 

Peoria 

10  YR 

(DEP) 

30  YR 

10  YR 

(DEP) 

30.3 

42.1 

(+11.8) 

23.2 

31.2 

(  +  8.0) 

30  YR 

Urbana 

10  YR 

(DEP) 

Springfield 

30  YR  10  YR 

(DEP) 

23.1 

29.4 

(  +  6.3) 

21.6 

30.1 

(  +  8.5) 

30  YR 

Dubuque 

10  YR 

(DEP) 

St.  Louis 
30  YR 

10  YR 

(DEP) 

38.8 

50.0 

(+11.2) 

17.1 

27.6 

(+10.5) 

30  YR 

Evansville 
10  YR 

(DEP) 

Cairo 

30  YR 

10  YR 

(DEP) 

12.9 

18.2 

(  +  5.3) 

9.8 

11.1 

(  +  1.3) 
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TABLE  8.  30  Yr  (1941-1970)  Mean  Snowfall  and  10  Yr  (1971-1980)  Mean 
Monthly  Totals  (INCH) 

Chicago  (MDW)  Peoria 


1941-70 

1971-80 

(DEP) 

1941-70 

1971-80 

(DEP) 

Nov 

3.2 

3.9 

(  +  0.7) 

5.3 

3.9 

(-1.4) 

Dec 

9.7 

13.7 

(  +  4.0) 

5.3 

7.5 

(  +  2.2) 

Jan 

9.4 

15.7 

(  +  6.3) 

5.8 

9.2 

(  +  3.4) 

Feb 

8.1 

11.0 

(  +  2.9) 

4.9 

5.3 

(  +  0.4) 

Mar 

7.7 

7.2 

(-0.5) 

4.8 

4.1 

(  +  0.7) 

Rockford 

Dubuque 

1941-70 

1971-80 

(DEP) 

1941-70 

1971-80 

(DEP) 

Nov 

3.1 

4.1 

(+1.0) 

2.5 

6.0 

(  +  3.5) 

Dec 

7.6 

10.7 

(  +  3.1) 

9.5 

9.5 

(  0.0) 

Jan 

9.1 

8.9 

(-0.2) 

9.6 

10.0 

(  +  0.4) 

Feb 

6.3 

9.0 

(  +  3.3) 

6.2 

10.9 

(  +  4.7) 

Mar 

7.3 

6.3 

(-1.0) 

9.7 

8.6 

(-1.1) 

Moline 

U  rbana 

1941-70 

1971-80 

(DEP) 

1941-70 

1971-80 

(DEP) 

Nov 

2.2 

5.9 

(  +  3.7) 

2.3 

4.1 

(+1.8) 

Dec 

6.8 

7.7 

(  +  0.9) 

4.8 

5.6 

(  +  0.8) 

Jan 

7.8 

10.2 

(  +  2.4) 

4.7 

10.2 

(  +  5.5) 

Feb 

5.7 

7.8 

(  +  2.1) 

5.8 

5.8 

(  0.0) 

Mar 

6.7 

7.2 

(  +  0.5) 

4.9 

4.0 

(-0.9) 

Evansville 

Springfield 

1941-70 

1971-80 

(DEP) 

1941-70 

1971-80 

(DEP) 

Nov 

0.7 

1.0 

(  +  0.3) 

1.5 

3.4 

(  +  1.9) 

Dec 

2.3 

2.5 

(  +  0.2) 

4.9 

5.3 

(  +  0.4) 

Jan 

3.6 

7.2 

(  +  3.6) 

4.6 

8.4 

(  +  3.8) 

Feb 

3.4 

3.4 

(  0.0) 

5.7 

6.9 

(+1.2) 

Mar 

2.9 

3.2 

(  +  0.3) 

4.5 

4.8 

(  +  0.3) 

Cairo 

St.  Louis 

1941-70 

1971-80 

(DEP) 

1941-70 

1971-80 

(DEP) 

Nov 

0.4 

0.2 

(-0.2) 

1.1 

2.3 

(-1-2) 

Dec 

1.7 

0.7 

(-1.0) 

2.9 

5.2 

(  +  2.3) 

Jan 

3.0 

5.5 

(  +  2.5) 

4.0 

8.9 

(  +  4.9) 

Feb 

2.3 

2.4 

(  +  0.1) 

4.0 

5.6 

(  +  1.6) 

Mar 

2.4 

2.2 

(-0.2) 

4.9 

4.5 

(-0.4) 
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TABLE  9.  Growing  Season 
(No.  of  days  between  last  spring  occurrence 
of  32°F  and  first  fall  occurrence  of  32°F) 


North 


Central 


South 


30  YR  AVERAGE  (1931-1960) 
10  YR  AVERAGE  (1971-1980) 


1931-1960 

1971-1980 

(DEP) 

Waukegan 

166 

169 

(+  3) 

Mount  Carroll 

154 

142 

(-12) 

Rockford 

160 

160 

(  0  ) 

Chicago  Midway 

192 

179 

(-13) 

Walnut 

168 

164 

(-  4) 

Moline 

174 

167 

(-  D 

La  Harpe 

173 

176 

(+  3) 

Peoria 

181 

173 

(-  8) 

Pontiac 

182 

176 

(-  6) 

Watseka 

171 

165 

(-  6) 

Quincy 

196 

197 

(+  1) 

Springfield 

186 

187 

(+  1) 

Urbana 

185 

186 

(+  1) 

White  Hall 

184 

186 

(+  2) 

Hillsboro 

184 

180 

(-  4) 

Windsor 

176 

181 

(+  5) 

Effingham 

177 

173 

(-  4) 

Palestine 

181 

186 

(+  5) 

Lacon 

169 

169 

(  0  ) 

Fairfield 

193 

182 

(-11) 

Mt.  Vernon 

191 

184 

(-  V) 

Sparta 

198 

190 

(-  8) 

Anna 

206 

199 

(-  7) 

Harrisburg 

185 

186 

(+  1) 

Cairo 

230 

239 

(+  9) 
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FIGURE  LEGENDS 

Figure  1.  Departure  of  10-year  (1971-1980)  a)  annual  precipitation  (In)  from  30-year  (1941-1970)  normals, 
b)  annual  temperature  (°F)  from  30-year  (1941-1970)  normals,  and  c)  growing  season  from 
30-year  (1931-1960)  normals. 
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Figure  3.  Peoria  10-year  moving  averages  of  July  temperature  (°F). 


PRECIPITATION,  inches 
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Illinois  Climate:  the  1970  s 


Figure  4  Peoria  summer  precipitation  (June-July-August)  5-year  moving  averages  and  annual  totals. 
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ABSTRACT 

Thermal  hydropulping  permits  the  selective  removal  and  recovery  of  hemicellu- 
lose  (pentosans)  from  wheat  straw  (WS).  WS  was  pulped  with  water  at  predetermined 
temperatures  in  the  range  of  170  to  190°C  either  20  or  30  min.  After  30  min  of 
thermal  hydropulping  at  185°C,  94%  of  the  WS  pentosans  were  removed  and  the 
residual  pulp  remained  rich  in  lignin  and  cellulose.  Treatments  that  disrupt  the 
lignin-hemicellulose-cellulose  (LHC)  complex  prepare  biomass  for  total  utilization. 
The  residual  pulp  and  extracted  hemicellulose  components  are  promising  sources  of 
fermentable  sugars  for  alcohol  fuel  production. 

INTRODUCTION 

In  1980  the  U.  S.  harvested  nearly  71  million  acres  of  wheat  (US DA,  1981) 
yielding  an  estimated  100  million  tons  of  residue  (Sloneker,  1976).  Soil  scientists 
have  indicated  that  nearly  half  of  the  residues  could  be  removed  from  74%  of  the 
Corn  Belt  acreage  without  causing  a  serious  soil-erosion  problem  if  farmers  used 
no-tillage  conservation  practices  (Barrett  and  Hardin,  1982).  Previously  at  our 
Center,  WS  was  investigated  extensively  for  its  potential  in  board  and  papermaking 
(Aronovsky,  1953).  The  increasing  need  of  American  agriculture  to  become  energy 
self-sufficient  has  prompted  current  studies  to  utilize  WS  and  other  biomass  as 
renewable  resources  for  obtaining  fuels,  chemicals,  chemical  feedstocks,  and  feeds. 
The  economics  of  collection,  storage,  and  transportation  of  residues  will  be  signifi¬ 
cant  in  determining  their  feasibility  for  energy  and  chemicals.  Although  residues 
are  potentially  valuable  sources  of  renewable  energy,  more  efficient  pretreatment 
processes  are  needed  that  can  destroy  fiber  structure  and  disrupt  the  LHC  complex 
to  provide  substrates  which  have  greater  hydrolytic  accessibility  (Lipinsky,  1979). 
Recently,  we  investigated  several  pretreatment  techniques  for  disrupting  the  LHC 
complex  of  WS  for  the  primary  purpose  of  substrate  bioconversion  (Detroy  et  al., 
1980,  1981;  Cunningham  et  al.,  1981).  We  found  that  an  autohydrolysis  process 
(thermal  hydropulping)  was  particularly  effective  for  selectively  removing  and 


*The  mention  of  firm  names  or  trade  products  does  not  imply  that  they  are  endorsed  or  recommended 
by  the  U.S.  Department  of  Agriculture  over  other  firms  or  similar  products  not  mentioned. 
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recovering  a  hemicellulose  (pentosan)-rich  fraction  from  WS.  Other  workers  have 
reported  the  effect  of  various  autohydrolysis  conditions  on  the  extractability  of 
lignin  from  hardwoods  (Lora  and  Wayman,  1978)  and  the  separation  of  lignin, 
hemicellulose,  and  cellulose  from  pine  wood  with  the  use  of  aqueous-organic 
solvent  systems  (April  et  al.,  1982). 

In  our  previous  report,  the  pentosan-rich  fraction  was  recovered  from  the 
autohydrolyzed  WS,  converted  principally  to  xylose,  and  fermented  after  solvent- 
extraction  to  ethanol  by  Pachysolen  tannophilus  (Detroy  et  al.,  1982b).  Concomitantly, 
enzymatic  hydrolysis  of  the  residual  cellulose  to  glucose  was  substantially  enhanced 
(Cunningham  et  al.,  1981)  and  provides  a  substrate  for  a  Saccharomyces  fermenta¬ 
tion  (Detroy  et  al.,  1982a).  Continued  investigation  indicates  that  thermal  hydropulping 
is  a  promising  pulping  technique  for  improving  total  biomass  utilization.  We  report 
here  the  results  of  process  variables  which  affected  the  yield,  composition,  and 
properties  of  the  WS  fractions. 

MATERIALS  AND  METHODS 

Soft  winter  wheat  straw  ( Triticum  sp.,  Arthur  variety)  was  chopped  in  a  Taylor, 
Stiles,  and  Company  chopper  and  then  cut  manually  to  approximately  1-in.  lengths. 
Straw  (135  g,  moisture-free  basis)  and  water  (945  g)  were  sealed  in  a  2-liter 
autoclave  and  rocked  in  an  electric  heating  unit.  A  predetermined  temperature  in 
the  range  of  170  to  190°C  was  reached  in  about  40  min  and  maintained  for  either  20 
or  30  min.  The  autoclave  was  removed  from  the  heating  unit  and  cooled  with  ice 
until  the  internal  pressure  reached  zero  (generally  about  10  min).  Subsequently,  the 
contents  were  discharged  into  a  cloth  bag  to  drain  the  liquor  from  the  pulp. 
Residual  liquor  was  removed  from  the  pulp  by  pressing  (Table  I)  or  by  washing  and 
pressing  (Table  II  and  Fig.  1).  Pulp  and  liquor  were  placed  in  a  freezer  immediately 
and  then  freeze-dried  before  quantitative  analyses  were  performed  in  duplicate. 
Crude  and  alpha  cellulose  were  measured  by  a  monoethanolamine  (ME A)  method 
(Nelson  and  Leming,  1957),  lignin  by  an  ultraviolet  spectrophotometric  technique 
(Bagby  et  al.,  1973);  and  xylose  in  liquor  solids  by  high-pressure  liquid  chromatography. 
Alcohol-benzene  solubility,  ash,  and  pentosans  were  determined  by  TAPPI  Official 
Test  Methods. 


RESULTS  AND  DISCUSSION 

The  effects  of  pulping  temperature  on  composition  and  properties  of  WS 
cooked  with  water  at  170,  180,  and  190°C  for  30  min  are  shown  in  Table  1.  An 
increase  in  pulping  temperature  from  170  to  180°C  gave  an  8%  decrease  in  pulp 
yield  and  an  additional  11%  loss  from  180  to  190°C.  Correspondingly,  acidity  of  the 
liquor  increased  from  pH  5.4  at  170°C  to  pH  4.9  at  190°C.  From  170  to  190°C, 
major  differences  in  pulp  composition  are  shown  by  changes  in  the  alcohol-benzene 
extractives  (8  vs.  23%)  and  pentosans  contents  (22  vs.  4%).  After  pulping  at  170°C 
there  was  no  increase  in  the  quantity  of  alcohol-benzene  extractives  over  that  of  the 
original  WS.  However,  at  180  and  190°C  there  was  a  1.7  and  2.3-fold  increase, 
respectively.  Alpha  cellulose  contents  of  the  pulps  decreased  slightly  with  increas¬ 
ing  pulping  temperature  above  170°C,  which  was  2%  at  180°C  and  11%  at  190°C. 
By  increasing  the  pulping  temperature  from  170  to  190°C,  pentosan  removal  from 
the  WS  was  improved  from  39  to  90%. 
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Of  the  WS  lignin,  15,  20,  and  43%  was  removed  at  170,  180,  and  190°C, 
respectively.  Except  for  the  190°C  cooks,  all  of  the  WS  lignin  can  be  accounted  for 
in  the  pulp  and  liquor  solids.  When  applied  to  kenaf,  a  relative  standard  deviation 
of  4.3%  was  reported  for  this  ultraviolet  spectrophotometric  technique  (Bagby  et 
al.,  1973).  The  data  viewed  at  that  precision  suggest  that  some  decomposition 
occurred  at  190°C.  Maximum  liquor  solids  were  realized  from  the  180°C  cook.  This 
cook  contained  also  the  greatest  amount  of  xylose  from  hydrolyzed  pentosans, 
which  suggests  that  xylose  degradation  occurred  at  190°C. 

The  effect  of  decreasing  the  cooking  time  to  20  min  is  revealed  in  Table  II. 
These  data  show  little  change  in  pulp  yield  using  the  shorter  cooking  period  but 
reveal  a  decrease  in  the  extraction  of  WS  pentosans  from  79  to  63%.  The  shorter 
cooking  period  changed  the  alcohol-benzene  solubles  of  the  pulp  from  1.9-fold  over 
the  WS  to  1.5-fold  and  the  lignin  content  from  97  to  62%. 

Figure  1  presents  pentosans  and  lignin  contents  of  WS  pulps  derived  from  30 
min  cooks  at  180,  182,  and  185°C.  Even  though  there  was  little  change  in  the  lignin 
contents  of  these  pulps  as  an  effect  of  temperature,  more  pentosans  were  extracted 
with  each  increase  in  temperature,  which  resulted  in  a  maximum  94%  removal  of 
the  WS  pentosans  at  185°C  (pulp  yield,  66%).  These  cooking  conditions  permit 
selective  removal  of  pentosans  as  xylans  and  xylanodextrins  and  some  xylose 
(Detroy  et  al.,  1982b). 
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I.  Composition  and  properties  of  thermal  hydropulped  wheat  strawa 


Analyses, 

Pulping  temperature,  °C 

% 

unpulped 

170 

180 

190 

Yield1, 

Wheat 

straw 

79.1 

Pulp 

73.0 

65.3 

Solubility  in 

alcohol-benzene 

6.5 

8.2 

15.2 

22.9 

Cellulose 

MEAC 

48.2 

54.6 

52.4 

52.1 

Alpha 

30.2 

38.3 

40.4 

41.4 

Pentosans 

29.1 

22.5 

13.9 

4.4 

Lignin 

14.5 

15.5 

15.9 

12.5 

Ash 

9.5 

7.6 

9.4 

8.8 

pHd 

5.4 

Liquor  solids 

5.2 

4.9 

Yieldb 

17.1 

21.3 

14.8 

Lignin 

14.0 

13.5 

28.6 

Xylose 

0.0 

5.5 

3.8 

aWater:straw  (1-in.  lengths)  =  7:1;  30  min  at  cooking  temperature  following  a 
40-min  heat-up. 

bOriginal  wheat  straw,  moisture-free  basis. 
cMonoethanolamine  method  (Nelson  and  Leming,  1957). 
dpH  of  liquor  after  pulp  pressing. 


II.  Effect  of  pulping  time  on  composition  and 
properties  of  wheat  straw  pulpa 


Analyses 

% 

Pulping  time, 

20 

min 

30 

Yieldb 

73.4 

72.0 

Liquor  pHc 

3.8 

4.0 

Solubility  in 

alcohol-benzene 

13.1 

17.0 

Cellulose 

MEAd 

53.7 

52.2 

Alpha 

42.2 

40.6 

Pentosans 

14.7 

8.5 

Lignin 

12.3 

19.6 

Ash 

8.2 

8.8 

aWater:straw  (1-in.  lengths)  =  7.1,  180°C  cooking  temperature  following  a  40-min 
heat-up. 

bOriginal  wheat  straw,  moisture-free  basis. 
cpH  of  liquor  at  end  of  cook. 

dMonoethanolamine  method  (Nelson  and  Leming,  1957). 
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Pentosans 


180  182  185 


Pulping  Temperatures,  °C 

FIGURE  1 

FIGURE  LEGEND 

1.  Lignin  and  pentosan  contents  of  wheat  straw  pulps  as  a  function  of  cooking  temperature.  Water:straw 
(1-in.  lengths)  =  7:1.  Thirty-min  cook. 
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ILLINOIS. 


William  G.  Dyer  and  Willard  D.  Klimstra 
Department  of  Zoology,  Southern  Illinois  University  at  Carbondale, 

Carbondale,  Illinois  62901 

ABSTRACT 

Gastrointestinal  helminths  recovered  from  454  (83.6%)  of  543  Urocyon 
cinereoargenteus  in  southern  Illinois  between  1959  and  1963  included  Ancylostoma 
caninum  (2.4%),  Physaloptera  rara  (68.0%),  Toxascaris  leonina  (0.2%),  Toxocara 
canis  (0.2%),  Trichuris  vulpis  (2.7%),  Alaria  maricanae  (6.7%),  Taenia  pisifonnis 
(69.7%),  and  Mesocestoides  variabilis  (2.0%).  One  hundred  and  thirty-seven  ani¬ 
mals  were  positive  for  only  1  species  (25.2%),  271  for  two  (49.9%),  43  for  three 
(7.9%),  and  3  for  four  (0.6%).  Infections  with  T.  pisifonnis  and  P.  rara  were  high  for 
each  year  while  infections  with  all  other  parasites  were  relatively  low  and  negative 
for  some  vears. 


INTRODUCTION 

Several  extensive  studies  on  gastrointestinal  parasites  in  wild  canid  populations 
have  been  conducted  in  North  America,  (see  Samuel  et  al.,  1978  and  references 
therein).  However,  there  is  a  paucity  of  studies  on  the  gastrointestinal  parasites  of 
gray  foxes  (Urocyon  cinereoargenteus)  (Schreber).  The  only  extensive  study  was 
that  conducted  by  Buechner  (1944)  who  examined  112  gray  foxes  from  Texas.  Other 
studies  include  reports  on  the  parasites  of  15  gray  foxes  from  Massachusetts 
(MacGregor,  1942;  Rankin,  1946),  17  from  Mississippi  (Ward,  1947),  and  15  from 
North  Carolina,  7  from  Georgia  and  2  from  South  Carolina  (Miller  and  Harkema, 
1968). 

The  only  study  of  fox  parasites  from  Illinois  was  by  Leigh  (1940)  who  examined 
12  red  foxes  (Vulpes  vulpes  L.J  from  counties  in  the  northern  part  of  the  state.  The 
purpose  of  this  study  was  to  determine  the  helminth  fauna  of  the  gastrointestinal 
tracts  of  a  large  sample  of  U.  cinereoargenteus  taken  over  a  period  of  several  years 
from  counties  in  southern  Illinois  and  to  compare  the  data  with  the  results  of 
published  studies. 


MATERIALS  AND  METHODS 

Five  hundred  and  forty-three  gray  foxes  were  either  shot  or  trapped  in  Union, 
Williamson,  Johnson,  and  Jackson  counties,  southern  Illinois  between  November, 
1959  and  October,  1963.  The  gastrointestinal  tract  of  each  fox  was  divided  into  the 
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stomach,  small  intestine,  and  large  intestine,  examined  macroscopically,  question¬ 
able  items  checked  under  a  dissecting  microscope  and  any  helminths  found  were 
isolated  in  tap  water. 

Trematodes  and  cestodes  were  fixed  in  alcohol-formalin-acetic  acid  (AFA), 
stained  with  either  Harris  or  Delafield  s  hematoxylin  and  mounted  in  Canada 
balsam.  Rostellar  hooks  were  removed  from  the  cestodes,  mounted  in  aquamount, 
and  compared  with  hooks  from  known  species.  Nematodes  were  fixed  in  glycerin- 
alcohol,  cleared  in  glycerine,  and  examined  from  glycerine  wet  mounts. 

RESULTS 

The  monthly  prevalence  of  infection  in  the  543  U.  cinereoargenteus  collected 
over  a  discontinuous  36  month  period  is  summarized  in  Table  1.  All  of  9  animals 
from  1959  were  infected.  Ninety-four  (91.3%)  of  the  103  animals  from  1960,  235 
(81.0%)  of  the  290  animals  from  1961,  61  (84.7%)  of  the  72  animals  from  1962,  and 
55  (79.7%)  of  the  69  animals  from  1963  were  positive. 

The  prevalence  of  gastrointestinal  helminths  of  335  male  and  208  female  U. 
cinereoargenteus  is  summarized  in  Table  2.  Eighty-nine  (16.4%)  of  the  543  gray 
foxes  were  free  of  helminths  in  both  stomach  and  intestines.  Five  species  of 
nematodes,  one  of  trematodies,  and  two  of  cestodes  were  found  in  454  (83.6%) 
animals.  One  hundred  and  thirty-seven  animals  were  positive  for  only  1  parasitic 
species  (25.2%),  271  for  two  (49.9%),  43  for  three  (7.9%),  and  3  for  4  (0.6%). 
PJujsaloptera  rara  Hall  and  Wigdor,  1918  and  Taenia  pisiformis  (Bloch,  1780)  were 
the  most  frequent  helminths  encountered  either  as  single  infections  (11.6%)  and 
12.5%)  or  combined  (single  and  mixed)  infections  (68.0%)  and  (69.7%)  respectively. 
The  frequency  of  occurrence  of  helminth  species  did  not  vary  significantly  (P  >  0.05) 
between  the  sexes. 

Infections  with  T.  pisiformis  and  P.  rara  were  high  each  year  while  infections 
with  other  helminths  were  relatively  low  and  absent  in  some  years  (Table  3).  The 
prevalence  of  Trichuris  vulpis  (Froelich,  1789)  and  P  rara  varied  significantly 
among  years  (P  <  0.05)  while  other  helminths  remained  at  about  the  same  prevalence 
each  year. 

DISCUSSION 

Because  gray  foxes  were  collected  at  selected  seasonal  intervals  between  1959 
and  1963  and  not  systematically  by  month  over  a  period  of  several  consecutive  years 
(Table  1),  there  are  insufficient  data  to  form  convincing  conclusions  on  the  seasonal 
dynamics  of  U.  cinereoargenteus  parasites. 

With  the  exception  of  T.  pisiformis  and  P  rara,  the  overall  prevalence  of 
gastrointestinal  parasites  was  low  with  the  majority  of  gray  foxes  infected  with  either 
one  or  two  species  (Table  2). 

The  high  yearly  prevalence  of  infection  with  T.  pisiformis  and  P  rara  coupled 
with  the  large  number  of  worms  recovered  from  the  intestine  and  stomach 
respectively  reflects  the  dependence  of  gray  foxes  in  southern  Illinois  on  rabbits, 
rodents,  and  insects  for  a  large  part  of  their  diet. 

While  the  prevalence  of  most  helminths  remained  about  the  same  from  1960  to 
1963,  that  of  P  rara  and  T.  vulpis  varied  significantly  among  years.  This  could  be 
due  to  a  number  of  factors  such  as  sample  size,  collection  period,  seasonal 
availability  of  food  items,  etc. 
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High  prevalence  of  T.  pisiformis  in  gray  foxes  from  other  areas  has  been 
reported,  namely,  51  (56.7%)  of  112  U.  cinereoargenteus  from  Texas  (Buechner, 
1944),  9  (37.5%)  of  24  from  N.  Carolina,  S.  Carolina,  and  Georgia  (Miller  and 
Harkema,  1968),  and  15  (88%)  of  17  from  Mississippi  (Ward,  1947).  Taenia  pisiformis 
is  also  a  prevalent  cestode  in  C.  latrans  from  certain  geographic  areas.  This  species 
has  been  reported  in  1758  (95%)  of  1850  coyotes  from  Kansas  (Gier  and  Ameel, 
1959),  41  (54.6%)  of  75  from  Utah  (Butler  and  Grundmann,  1954),  66  (19.5%)  of  339 
from  Ontario  (Freeman  et  al.,  1961),  29  (67%)  of  43  in  Manitoba  (Samuel  et  al., 
1978),  and  23  (31%)  of  75  in  Alberta  (Holmes  and  Podesta,  1968). 

Mesocestoides  variabilis  Mueller,  1927,  was  recovered  in  only  10  (2.0%) 
animals.  This  species  has  also  been  reported  from  5  (20.8%)  of  24  gray  foxes  from  N. 
Carolina,  S.  Carolina,  and  Georgia  (Miller  and  Harkema,  1968).  Buechner  (1944) 
reported  M.  litteratus  (Batsch,  1786)  in  9  (10.2%)  of  88  gray  foxes  in  Texas. 
Mesocestoides  variabilis  has  a  wide  geographic  distribution  throughout  the  continguous 
United  States  and  has  been  recorded  for  a  variety  of  hosts  other  than  the  gray  fox. 

Current  taxonomic  criteria  for  differentiating  species  of  Mesocestoides  are 
inadequate.  Morphological  differentiation  is  slight  and  variability  of  characters 
extensive.  Voge  (1955)  concluded  that  on  the  basis  of  available  data  M.  corti 
Hoeppli,  1925,  and  M.  variabilis  cannot  be  satisfactorily  differentiated  and  that  M. 
manteri  Chandler,  1942,  is  a  dwarf  form  of  M.  variabilis.  For  this  reason,  she 
proposed  that  M.  manteri  and  M.  variabilis  be  regarded  as  synonyms  of  M.  corti. 
However,  Voge  states  that  even  though  the  evidence  justifies  this  procedure,  two 
disadvantages  result,  ‘One  is  the  loss  of  the  very  appropriate  specific  name 
variabilis,  and  the  other  is  that  the  type  host  of  Mesocestoides  corti  is  not  a 
characteristic  one.’  For  this  reason  and  in  concurrence  with  Miller  and  Harkema 
(1968),  we  feel  that  pending  further  study  the  specific  eipthet  variabilis  should  be 
retained. 

Alaria  marcianae  (La  Rue.  1917)  Hall  and  Wigdor,  1918  (=  A.  canis  LaRue  and 
Fallis,  1936)  see  Dubois  (1963),  the  only  fluke  encountered,  occurred  in  36  (6.7%)  of  the  543 
gray  foxes.  Miller  and  Harkema  (1968)  reported  it  in  1  (6.7)  of  15  gray  foxes  from  N. 
Carolina.  It  has  also  been  reported  from  several  other  canids  in  North  America. 
Pearson  (1956)  has  shown  that  mesocercariae  of  A.  arisaemoides  Augustine  and 
Urbie,  1927,  and  A.  marcianae  develop  in  tadpoles  and  frogs  and  that  a  variety  of 
vertebrates  act  as  collector  or  paratenic  hosts  making  the  mesocercariae  more 
readily  available  to  the  definitive  host  because  of  its  habitat  and  foot  habits. 
Bullfrogs,  Rana  catesbeiana  Shaw,  southern  leopard  frogs,  Rana  pipiens  sphenocephala 
Cope,  and  green  frogs,  Rana  clamitans  tnelanota  (Rafinesque),  are  common  amphibi¬ 
ans  in  Union,  Williamson,  Johnson,  and  Jackson  counties.  The  gray  foxes  in  these 
areas  may  have  acquired  infection  by  ingesting  either  frogs  or  a  paratenis  host, 
probably  a  rodent,  as  suggested  for  A.  marcianae  in  Alaskan  wolves  (Rausch  and 
Williamson,  1959)  and  for  wolves  and  coyotes  from  Alberta  (Holmes  and  Podesta, 
1968). 

Physaloptera  rara,  the  most  prevalent  and  numerous  nematode  encountered, 
has  a  wide  distribution  in  canines  and  felines  in  North  America.  Insects  serve  as 
intermediate  hosts  and  frogs,  snakes,  birds,  and  mice  may  serve  as  paratenic  hosts. 
Development  in  the  definitive  host  is  the  same  regardless  of  whether  infection  is 
acquired  by  ingesting  parasitized  insects  or  paratenic  hosts  (Olsen,  1971).  Buchner 
(1944)  reported  43  (38.4%)  of  112  gray  foxes  from  Texas  infected  with  this  species. 
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Miller  and  Harkema  (1968)  found  9  (37.5%)  of  24  gray  foxes  from  N.  Carolina,  S. 
Carolina,  and  Georgia  infected  with  P  maxillaris  Molin,  1860. 

Ancylostoma  caninum  (Ercolani,  1954)  was  encountered  in  only  13  (2.4%)  of 
the  gray  foxes  examined.  Some  difficulty  was  experienced  in  separating  the  hook¬ 
worms  from  their  masses  found  in  the  intestines  resulting  in  small  recoveries.  Based 
on  this  study,  hookworm  infections  in  gray  foxes  in  southern  Illinois  do  not  pose  a 
serious  threat  to  the  health  of  these  canids.  However,  Foster  (1932)  found  that 
hookworm  larvae  in  pregnant  dogs  may  enter  the  fetus,  infecting  them  prenatally 
and  most  of  the  infected  pups  died  before  one  month  old.  Perhaps  this  mode  of 
infection  exists  for  pups  of  U.  cinereoargenteus  as  well. 

Although  toxocara  canis  (Werner,  1782)  has  a  wide  distribution  in  canids,  only 
1  (0.2%)  gray  foxes  were  infected.  Sprent  (1958)  found  that  canids  older  than  6 
months  can  become  infected  only  by  ingesting  infected  intermediate  hosts  while 
young  canids  can  become  infected  by  ingesting  either  embryonated  eggs  or  infected 
rodents,  or  by  prenatal  migrating  larvae.  Visceral  larval  migrans  may  occur  in 
humans  on  ingesting  infective  eggs  (Olsen,  1974).  Ward  (1947)  reported  this  species 
in  2  (12%)  of  17  gray  foxes  from  Mississippi.  However,  neither  Buechner  (1944)  nor 
Miller  and  Harkema  (1968),  encountered  it. 

Toxascaris  leonina  (von  Linstow,  1902)  occurred  in  only  1  (0.2%)  fox.  According 
to  Sprent  (1959),  this  species  may  undergo  either  a  direct  life  cycle  or  use  an 
intermediate  host,  usually  a  rodent.  While  it  is  a  common  parasite  of  red  foxes, 
coyotes,  and  wolves,  the  literature  did  not  reveal  its  presence  in  gray  foxes. 

Trichuris  vulpis  (Froelich,  1789),  cosmopolitan  in  dogs,  foxes,  and  coyotes,  was 
found  in  14  (2.7%)  gray  foxes.  Miller  and  Harkema  (1968)  reported  it  in  one  of  24 
gray  foxes. 

Pils  and  Klimstra  (1975)  compared  the  results  of  their  late  fall  food  habit  study 
of  169  gray  foxes  from  southern  Illinois  with  those  published  studies  on  the  food 
habits  of  gray  foxes  from  Virginia,  Pennsylvania,  Iowa  and  Missouri.  While  plants 
provided  the  primary  food  of  the  gray  fox  diet  in  southern  Illinois,  mammals 
provided  the  primary  food  of  gray  foxes  from  the  other  areas.  These  authors  pointed 
out  that  the  diet  of  the  gray  fox  is  highly  omnivorous  and  that  some  differences  in 
the  food  items  of  gray  foxes  from  different  areas  may  be  attributed  to  seasonal 
availability. 

The  high  prevalence  of  T.  pisiformia  (69.7%)  in  the  present  study  corroborates 
the  high  percent  frequency  of  occurrence  of  rabbits  (27%)  in  the  diet  of  Illinois  grey 
foxes  as  reported  by  Pils  and  Klimstra  (1975).  Likewise,  the  high  prevalence  of  P. 
rara  (68.0%)  corroborates  the  high  percent  frequency  of  occurrence  of  rodents 
(62%)  and  insects  (54%)  as  given  by  the  same  authors.  Results  of  this  investigation 
support  the  conclusion  of  Holmes  and  Podesta  (1968)  that  the  relative  frequencies  of 
helminths  with  different  intermediate  hosts  generally  reflect  the  diet  of  the  canid  in 
question. 
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Table  2.  Prevalence  of  single,  mixed,  and  combined  infections  in  relation  to  sex  of 
54  Urocyon  cinereoargenteus  from  southern  Illinois. 


Prevalence 

: — (number)  percent 

Parasite 

Sexes 

Combined 

(543) 

Male 

(335) 

Female 

(208) 

Single  infection 

Ancylostama  caninum 

(4)  0.7 

(2)  0.6 

(2)  1.0 

Physaloptera  rara 

(63)11.6 

(40)11.9 

(23)11.1 

Toxascaris  leonina 

(0) 

(0) 

(0) 

Toxocara  canis 

(0) 

(0) 

(0) 

Trichuris  vulpis 

(0) 

(0) 

(0) 

Alaria  americana 

(2)  0.4 

(1)  0.3 

(1)  0.5 

Taenia  pisifonnis 

(68)12.5 

(46)13.7 

(22)10.6 

Mesocestoides  variabilis 

(0) 

(0) 

(0) 

Mixed  infection 

A.c.  +  T.p. 

(4)  0.7 

(2)  0.6 

(2)  1.0 

P.r.  +  T.v. 

(1)  0.2 

(0) 

(1)  0.5 

P.r.  A  A. a. 

(4)  0.7 

(2)  0.6 

(2)  1.0 

Pr.  A  T.p. 

(254)6.8 

(149)44.5 

(105)50.5 

P.r.  A  M.v. 

(2)  0.4 

(1)  0.3 

(1)  0.5 

T.l.  A  T.p. 

(1)  0.2 

(0) 

(1)  0.5 

T.v.  +  T.p. 

(2)  0.4 

(2)  0.6 

(0) 

T.p.  A  M.v. 

(3)  0.6 

(2)  0.6 

(1)  0.5 

A.c.  A  Pr.  A  T.p. 

(2)  0.4 

(1)  0.3 

(1)  0.5 

A.c.  +  T.p.  -f  A. a. 

(2)  0.4 

(2)  0.6 

(0) 

P.r.  A  T.c.  +  T.p. 

(1)  0.2 

(1)  0.3 

(0) 

P.r.  +  T.v.  A  T.p. 

(9)  1.7 

(8)  2.4 

(1)  0.5 

P.r.  A  A. a.  A  T.p. 

(25)  4.6 

(13)  3.9 

(12)  5.8 

P.r.  A  A. a.  A  M.v. 

(1)  0.2 

(1)  0.3 

(0) 

P.r.  +  T.p.  A  M.v. 

(3)  0.6 

(2)  0.6 

(1)  0.5 

A.c.  A  P.r.  A  T.p.  A  M.v. 

(1)  0.3 

(1)  0.3 

(0) 

P.r.  A  T.v.  +  A. a.  +  T.p. 

(2)  0.4 

(2)  0.6 

(0) 

Combined  (single  and  mixed) 
Ancylostoma  caninum 

infection 
(13)  2.4 

(8)  2.4 

(5)  2.5 

Physaloptera  rara 

(368)68.0 

(221)66.0 

(147)70.9 

Toxascaris  leonina 

(1)  0.2 

(0) 

(1)  0.5 

Toxocara  canis 

(1)  0.2 

(1)  0.3 

(0) 

Trichuris  vulpis 

(14)  2.7 

(12)  3.6 

(2)  1.0 

Combined  (single  and  mixed) 
infection 

Alaria  americana 

(36)  6.7 

(21)  6.3 

(15)  7.3 

Taenia  pisiformis 

(377)69.7 

(231)69.0 

(146)70.4 

Mesocestoides  variabilis 

(10)  2.0 

(7)  2.1 

(3)  1.5 
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Table  3.  Percent  of  gray  foxes  infected  with  gastrointestinal  parasites  in  southern 
Illinois  from  1960  to  1963. 


Yearly  Prevalence — 

-percent 

Parasite 

1960 

1961 

1962 

1963 

Ancylostoma  caninum 

2.9 

2.4 

5.6 

0.0 

Physaloptera  rara 

75.7 

75.9 

61.1 

46.4 

Toxascaris  leonina 

1.9 

0.0 

0.0 

0.0 

Toxocara  canis 

1.0 

0.0 

0.0 

0.0 

Trichuris  vulpis 

11.7 

0.3 

2.8 

0.0 

Alaria  americana 

7.8 

7.6 

2.8 

0.0 

Taenia  pisiformis 

77.7 

69.0 

66.7 

75.4 

Mesocestoides  variabilis 

1.0 

2.1 

4.2 

0.0 
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DRAINAGE  EVOLUTION  OF  THE 
BUREAU  CREEK  BASIN 
CENTRAL-NORTHERN  ILLINOIS 


Stephen  M.  Eckert 
US  Army  Engineer  District 
Rock  Island,  Illinois  61201 


Note — The  evolution  of  the  drainage  patterns  found  today  in  the  Bureau  Creek 
Drainage  System  in  North-Central  Illinois  is  tied  intimately  to  the  movements  of 
the  last  (Woodfordian)  ice  sheet  which  covered  the  region.  Evidence  is  presented 
for  an  ice  marginal  origin  of  the  major  lines  of  drainage.  Evidence  also  exists  which 
leads  to  the  inference  that  the  courses  of  the  upper  reaches  of  South  Branch 
Kishwaukee  River  and  Indian  Creek  were  once  connected  and  drained  south 
through  the  valley  of  Big  Bureau  Creek. 

Bureau  Creek  rises  in  southeastern  Lee  County  flows  in  a  general  southwesterly 
direction  for  about  50  miles  and  then  turns  to  flow  southeasterly  for  about  15  miles 
to  the  Illinois  River  (figure  1).  The  two  principal  tributaries,  East  Bureau  Creek  and 
West  Bureau  Creek  flow  in  a  generally  southwestern  direction  and  join  the  main 
stream  2.9  and  13.9  miles  respectively  above  the  State  Highway  29  Bridge.  The 
drainage  area  above  that  bridge  is  481  square  miles.  The  following  table  gives  data 
on  the  principal  tributaries: 


Stream 

Miles  Above 
Hwv  29  Bridge 

Drainage 

Area  (Sep  Mi.) 

Average 
Slope  (Ft. /Mi.) 

Bureau  Creek 

0.0 

481 

7 

E.  Bureau  Creek 

2.9 

114 

15 

Brush  Creek 

5.8 

50 

14 

W.  Bureau  Creek 

13.9 

129 

9.3 

Big  Bureau  Creek 

Above  Junction  With 

W.  Bureau  Creek 

13.9 

193 

7 

River  mileages  are  usually  measured  from  the  mouth  of  a  stream.  Bureau  Creek, 
however,  has  no  definite  mouth.  It  enters  the  broad  floodplain  of  the  Illinois  River 
near  the  State  Highway  29  Bridge.  Overflow  channels  and  distributaries  were 
established  here  after  the  level  of  the  Illinois  River  reached  its  pre-regulation  level 
during  late  Wisconsinan  time.  During  periods  of  high  flow  from  Bureau  Creek  and 
low  flow  from  the  Illinois  River,  the  stream  follows  many  different  paths.  Subse¬ 
quent  to  settlement,  some  of  this  mouth  area  has  been  drained  and  leveed. 

The  basin  of  Bureau  Creek  lies  just  within  the  margin  of  the  prominent 
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Bloomington  End  Morainic  System.  Beneath  a  cover  of  wind  blown  loess  and 
except  for  a  small  area  of  the  lower  valley,  the  surficial  deposits  are  drift  left  by  the 
last  great  ice  sheet  which  covered  this  part  ol  Illinois.  This  iee  sheet  has  been 
named  the  Woodfordian  Glacier.  The  relationships  of  the  three  main  branches  of 
Bureau  Creek  to  the  end  moraines  built  by  the  Woodfordian  lee  and  described  by 
William  and  Frye  (1970)  can  be  seen  on  figure  1. 

It  may  be  readily  seen  that  these  end  moraines  roughly  enclose  a  major  portion  ol 
the  area  drained  by  the  Bureau  Creek  System.  It  can  also  be  seen  that  the  trunk 
streams  follow  the  general  trend  of  the  moraines. 

Northeast  of  the  Bureau  Creek  Basin  is  another  area  enclosed  by  the  Woodfordian 
End  Moraines.  This  area  is  drained  by  the  upper  portion  of  South  Branch 
Kishwaukee  River.  The  area  between  the  headwaters  of  this  stream  and  the 
headwaters  of  Big  Bureau  Creek  is  presently  drained  by  the  headwaters  of  Indian 
Creek.  The  alignment  of  these  three  is  in  the  same  general  direction.  Flemal  (1970) 
described  an  episode  of  post-glacial  stream  piracy  in  this  divided  area  in  which  the 
extreme  headwaters  of  South  Branch  Kishwaukee  were  captured  by  Indian  Creek. 
Before  piracy,  then,  the  drainage  basins  of  South  branch  Kishwaukee  and  Big 
Bureau  Creek  probably  were  adjacent.  The  community  of  Paw  Paw  presently  sits 
near  the  divide. 

Some  idea  of  the  nature  of  this  divide  area  can  be  gained  through  an  observation 
of  a  portion  of  the  Aurora  sheet  of  the  United  States  Geological  Survey  s  1:250,000 
series.  Even  though  the  contour  interval  is  50  feet,  there  does  appear  to  be  some 
geomorphic  connection  between  the  basins  of  South  Branch  Kishwaukee  River  and 
the  Bureau  Creek  System  through  the  area  occupied  by  Indian  Creek  and  the  Paw 
Paw  Divide. 

The  deposits  left  by  the  Woodfordian  Glacier  in  Illinois  have  been  named  the 
Wedron  Formation  (Frye,  et  al  1968).  Eight  divisions  of  this  formation  are  presently 
recognized  in  the  state  (Willman  and  Frye  1970).  Two  members  of  the  Wedron 
Formation  form  the  surficial  deposits  in  the  area  of  interest — the  Tiskilwa  and 
Malden  members.  Figure  1  shows  the  relationship  of  the  boundary  between  these 
two  till  sheets  and  the  streams  mentioned  above. 

The  most  striking  difference  between  the  Tiskilwa  and  Malden  Tills  is  color.  The 
Tiskilwa  is  generally  pink.  The  younger  Malden  is  yellow  to  tan-grev.  The  Tiskilwa 
is  for  the  most  part  sandier  than  the  Malden  and  there  are  subtle  mineralogical 
differences  between  them  (Piskin  and  Bergstrom,  1967). 

The  end  moraines  composed  principally  of  Malden  Till  do  not  show  the  lobate 
character  displayed  by  the  end  moraines  composed  primarily  of  Tiskilwa  Till  (the 
Bloomington  System).  The  Tiskilwa  lobes  form  the  western  rims  of  the  Bureau 
Creek  and  South  Branch  Kishwaukee  Basins.  The  reentrant  between  them  is  the 
present  divide  between  the  two  basins. 

The  Bloomington  (Tiskilwa)  Moraines  in  this  divide  area  appear  to  be  coated  with 
a  thin  layer  of  Malden  Till  (Willman  and  Frye  1970).  The  courses  of  the  upper 
reaches  of  South  Branch  Kishwaukee  and  Indian  Creek,  and  the  main  stem  of  Big 
Bureau  Creek  run  generally  parallel  to  the  contact  between  the  two  till  sheets. 

The  South  Branch  Kishwaukee  Basin  is  a  relatively  flat  area  except  for  scattered 
areas  of  poorly  drained  shallow  depressions.  These  appear  as  isolated  patches  of 
wetland  in  an  otherwise  cultivated  landscape.  Areas  of  slackwater  deposits  have 
been  identified  lapping  onto  the  front  of  the  Shabbona  (Malden)  End  Moraine  in 


Transactions  of  the  Illinois  Academy  of  Science 


299 


the  southern  part  of  the  basin.  This  relationship  is  well  represented  on  the  map  of 
Quaternary  Deposits  of  Illinois  (Linneback,  1979). 

The  valleys  of  the  Bureau  Creek  System  are  floored  hv  deposits  of  drift  which  are 
very  thick — more  than  200  feet  in  most  places  (Piskin  and  Bergstrom  1967).  The 
trend  of  the  system  generally  follows  a  deep  buried  bedrock  valley  system  (Paw  Paw 
and  Princton  Bedrock  Valleys,  Horberg  1950),  but  the  valleys  of  the  streams  in  the 
Bureau  Creek  System  themselves  are  established  in  glacial  drift.  Outcrops  of 
bedrock  in  the  basin  are  rare.  The  only  area  in  which  bedrock  outcrops  may  be 
found  is  along  the  southern  margin  of  the  basin.  Here,  some  of  the  northflowing 
tributaries  of  West  Bureau  and  Big  Bureau  Creeks  have  cut  completely  through  till 
and  in  places  now  flow  directly  on  the  bedrock.  This  is  along  the  south  bluff  of  the 
Ancient  Mississippi  (Princeton)  buried  bedrock  valley. 

A  sequence  of  events  which  led  to  the  establishment  of  the  drainage  patterns  as 
they  exist  today  might  be  inferred  from  all  this  evidence. 

The  episode  of  moraine  building  which  took  place  when  the  margin  of  the 
Woodfordian  Glacier  stood  at  the  present  position  of  the  Bloomington  Morainic 
System  was  the  initial  event.  As  the  ice  pulsed  back  from  this  front,  the  courses  of 
West  Bureau  and  Big  Bureau  Creeks  were  established  at  the  margin  of  the 
retreating  glacier.  The  area  between  them  today  is  a  gently  undulating  ground 
moraine  consisting  mainly  of  Tiskilwa  Till.  It  seems  probable  that  the  courses  of 
East  Bureau  and  Brush  Creeks  were  also  established  in  like  manner  at  this  time. 

Although  these  latter  two  valleys  are  underlain  by  Malden  Till,  in  places  these 
deposits  are  thin  and  follow  the  contour  of  the  buried  Tiskilwa  surface  (William  and 
Frye  1970).  During  the  Bloomington  retreat  parts  of  the  ice  sheet  became  detached 
and  slowly  melted  in  the  South  Branch  Kishwaukee  basin  resulting  in  the  generally 
flat  but  irregular  surface  and  isolated  areas  of  interior  drainage  which  are  found 
there  today.  The  stronger  drainage  patterns  of  the  inter-morainal  country  did  not 
have  a  chance  to  develope  here.  A  comparison  of  the  gradeints  of  South  Branch 
Kishwaukee  and  Big  Bureau  Creek  gives  some  hint  of  the  different  nature  of  the 
streams  which  were  subsequently  established  in  the  two  areas. 

During  the  waning  of  the  ice  sheet  that  built  the  Bloomington  System,  drainage 
from  the  South  Branch  Kishwaukee  Basin  was  probably  through  gaps  in  the 
surrounding  end  moraines  at  Kilbuck,  Owens  and  Steward  Creeks,  the  present 
northern  gap  in  the  Bloomington  End  Moraine  and  south  through  the  valley  of  Big 
Bureau  Creek.  This  was  taking  place  perhaps  18,000  years  ago. 

The  lower  course  of  the  Bureau  Creek  System  was  diverted  to  the  southeast 
when  it  encountered  the  south  bluff  of  the  buried  Princeton  (Ancient  Mississippi) 
Valley — the  Pennsylvanian  Escarpment. 

The  retreat  of  the  Bloomington  Glacier  was  probably  significant.  This  is  evidence 
by  the  difference  in  the  nature  of  the  Malden  and  Tiskilwa  Till  Sheets.  Drainage 
relations  in  the  area  subsequently  covered  by  the  Malden  ice  can  only  be  speculated. 
The  nature  of  the  Malden  deposits  woidd  suggest  a  weak  ice  margin  at  its  greatest 
extent. 

Near  the  village  of  La  Moille,  Big  Bureau  Creek  does  not  follow  the  expected 
inter-morainal  course  but  instead  flows  westward  through  a  gap  in  the  end  moraine. 
(A  on  figure  1.)  Malden  Till  occurs  in  the  valley  of  East  Bureau  Creek,  and  Big 
Bureau  Creek  is  marginal  to  the  Malden  deposits  up  to  the  gap.  This  would  suggest 
that  the  upper  reaches  of  Big  Bureau  Creek  may  have  discharged  through  the  valley 
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of  present  East  Bureau  Creek  Below  this  point  until  it  was  forced  into  its  present 
course  by  the  advancing  Malden  ice. 

At  about  the  same  time  this  was  happening  the  Malden  ice  lapped  onto  the 
backside  of  the  Bloomington  System  near  the  present  town  of  Paw  Paw.  It  thus 
separated  the  Bureau  Creek  and  South  Branch  Kishwaukee  Basins  and  by  so  doing 
cut  of  the  headwaters  of  Big  Bureau  Creek. 

Because  the  outlet  had  been  cut  off  water  ponded  in  the  southern  part  of  the 
South  Branch  Kishwaukee  Basin.  Some  of  this  discharged  through  gaps  in  the 
Bloomington  System  along  Willow  and  Dry  Bun  Creeks.  Valley  trains  have  been 
identified  in  both  of  these  small  valleys.  The  Malden  lee  also  drained  through  the 
present  gap  of  South  Branch  Kishwaukee  in  the  Paw  Paw  End  Moraine.  A  valley 
train  deposit  is  also  found  there  today.  Big  Bureau  Creek  probably  took  some  of  the 
discharge  from  this  ponded  southern  part  of  the  basin  until  the  water  level 
receeded  below  the  elevation  of  that  outlet. 

After  the  ice  retreated  from  the  maiden  maximum  it  was  to  invade  the  area  no 
more.  Man-made  changes,  including  the  construction  of  the  Illinois  and  Mississippi 
(Hennepin)  Canal  through  the  lower  valley;  regulation  of  the  Illinois  River;  and  the 
development  of  tile  drainage  and  agricultural  ditching  have  had  some  effect  on 
drainage  relationships  in  the  basin.  However,  the  gross  drainage  patterns  have 
remained  the  same  since  the  retreat  of  the  Woodfordian  Glacier  from  the  Malden 
margin.  This  was  perhaps  some  16,000  years  ago. 
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